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Method and device for irradiating spots on a layer 



PCT/IB2003/II05708 



The invention relates to a method of irradiating a layer according to the 
introductory portion of claim 1 and to a device for irradiating a layer according to the 
introductory portion of claim 7. 

Such a method and such a device are known from WO-A-02/13 194. 
According to this publication, the described method and device are used for the 
manufacturing of an optically scannable information carrier. In such a process, first a master 
mold is manufactured, and then, by means of the master mold or by means of a daughter 
mold manufactured by means of the master mold, the information carrier is manufactured by 
means of a replica process. For manufacturing the master mold, a modulated radiation beam 
which is directed and focussed to a scanning spot on a photosensitive layer carried by a 
substrate by means of an optical lens system and the substrate and the lens system are moved 
relatively to each other. An interspace between the photosensitive layer and a nearest surface 
of a lens system facing the photosensitive layer is maintained filled up with a liquid. 

For moving the substrate relative to the lens system a table carrying the 
substrate can be rotated about an axis of rotation. By means of a displacement device, the 
lens system can be displaced with a radial directional component with respect to the axis of 
rotation of the table. A liquid supply means supplies the liquid into the interspace between 
the photosensitive layer and a nearest optical surface of the lens system. 

A problem of this known method and device is that the immersion of the 
successive portions of the layer to be irradiated is quite easily disrupted, for instance because 
the liquid is entrained away from the area of the interspace through which the radiation 
directed to the radiation spot passes when the layer and the lens move too quickly relative to 
each other. The immersion can also be disrupted due to important changes in the direction of 
movement of the lens and the layer relative to each other. The stability of the liquid film 
between the layer to be irradiated and the nearest optical surface of the optical element can be 
improved by making the distance between the layer to be irradiated and the nearest optical 
surface of the optical element very small. However, this entails that the device and in 
particular the lens nearest to the layer to be irradiated can easily be damaged in the event of 
contact between the lens and the layer moving relative to each other. 
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Another method and device for directing a radiation beam to a spot on a 
photosensitive layer are disclosed in JP-A-1 02553 19. In accordance with this method, a 
Photosensitive layer is applied to a disc-shaped substrate made from glass. The table and the 
substrate are rotated about an axis of rotation extending perpendicularly to the substrate, and 
the lens system is displaced, at a comparatively low rate, in a radial direction with respect to 
the axis of rotation, so that the scanning spot of the radiation beam formed on the 
photosensitive layer follows a spiral-shaped track on the photosensitive layer. The radiation 
beam - in tins known device a laser beam - is modulated such that a series of irradiated and 
non-irradiated elements is formed on the spiral-shaped track, which series correspond to a 
desired series of information elements on the information carrier to be manufactured. The 
photosensitive layer is subsequently developed, so that the irradiated elements are dissolved 
and a series of depressions are formed in the photosensitive layer. Next, a comparatively thin 
aluminum layer is sputtered onto the photosensitive layer, which aluminum layer is 
subsequently provided with a comparatively thick nickel layer by means of an electro 
deposition process. The nickel layer thus formed is subsequently removed from the substrate 
and forms the master mold to be manufactured, which is provided, in the manner described 
above, with a disc-shaped surface having a series of raised portions corresponding to the 
desired series of information elements on the information carrier to be manufactured. The 
master mold thus manufactured can suitably be used in the manufacture of the desired 
information carriers, however, in general, a number of copies, so-called daughter molds are 
made by means of the master mold in a replica process. These daughter moulds are used to 
manufacture the desired information carriers by means of a further replica process, generally 
an injection molding process. In this manner, the required number of master molds, which are 
comparatively expensive, is limited. Such a method of manufacturing an optically scannable 
information carrier, such as a CD or DVD, having pit-shaped information elements by means 
of a master mold or by means of a daughter mold manufactured by means of the master mold 
is commonly known and customary. 

The interspace between the photosensitive layer and the lens of the lens 
system facing the photosensitive layer is filled with water. For this purpose, the known 
device is provided with an outflow opening, which is situated near the axis of rotation of the 
table. The water supplied via the outflow opening is spread, under the influence of centrifugal 
forces, substantially throughout the surface of the photosensitive layer, so that also the 
interspace is filled with water. Since water has a considerably larger optical refractive index 
than air, the provision of water in the interspace leads to a substantial increase of an angle 
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which the rays originating from the radiation beam and the optical axis of the lens system 
include at the location of the scanning spot. As a result, the size of the spot formed by the 
radiation beam on the photosensitive layer is reduced considerably, so that a much larger 
number of irradiated and non-irradiated elements can be formed on the photosensitive layer, 
and the information carrier to be manufactured has a higher information density. 

Another example of an application in which the gap between a lens and a 
surface to be irradiated is maintained filled with a liquid are optical imaging methods and 
apparatus, such as optical projection lithograpy, in which the spot formed by the radiation 
projected onto the surface forms an image or a partial image. Such a method and apparatus 
are described in international patent application WO99/49504. 

A drawback of these methods and devices is that the liquid film formed in the 
interspace is not always reliably maintained fully and in homogenous condition during and 
after relative displacement of the lens and the surface parallel to the surface. As a result, 
faults develop in the photosensitive layer. In addition, variations in the condition of the liquid 
film caused by relative movements of the lens and the surface result in varying forces being 
exerted on the lens system. Since the lens system is suspended with a limited rigidity, the 
varying forces exerted by the liquid film cause undesirable vibrations of the lens system, 
which further disturb the precision with which the image is projected onto the surface. 
Furthermore, a comparatively large quantity of liquid must be supplied to keep a liquid 
volume in place in the portion of the interspace through which the radiation passes. As a 
result, the known device must be provided with extensive measures to prevent undesirable 
contact between the liquid and other parts of the device. 



It is an object of this invention to reliably maintain the portion of the 
interspace between the optical surface nearest to the layer to be irradiated and that layer 
through which the radiation passes filled with liquid throughout a larger range of relative 
velocities and directions of relative displacement of the optical element and the layer. 

It is another object of the invention to reduce the risk of damage due to 
unintentional contact between the optical element and the layer to be irradiated. 

According to the invention, these objects are achieved by providing a method 
according to claim 1. Also according to the invention, a device according to claim 7 is 
provided for carrying out a method according to claim 1. 



WO2..04/057590 PCT/IB2WIJ/005708 

4 

The canal distributing supplied liquid longitudinally along the canal and 
dispensing distributed liquid towards the layer feeds the liquid as a layer. Accordingly, the 
portion of the interspace fulfilling an optical function can be maintained filled with liquid 
with less sensitivity to variations in direction and velocity of the movement of the lens or 
lenses and the layer relative to each other. 

That the method and the device are less sensitive to the velocity and direction 
of displacement of the optical element and the layer relative to each other and variations 
therein, is not only advantageous in the manufacturing of optical information carriers or 
molds therefor in which there are at most quite small variations in the direction of movement 
of the layer relative to the optical element, but also in other applications, such as optical 
imaging, and more in particular in for instance wafer steppers and wafer scanners for optical 
projection lithography for example for the production of semiconductor devices in which the 
direction of movement of the optical element relative to the layer is varied substantially when 
the wafer is stepped relative to the optical element to bring the optical element into a new 
position opposite the wafer for projecting the reticle onto a new spot on the wafer or for 
unrolling (scanning) the projected image of the reticle (mask) over a next area on the wafer. 
The spot is then formed either by the area of projection of the reticle onto the wafer or by the 
moving area of projection of a running, usually slit shaped, window portion of the reticle 
obtained by or as if scanning along the reticle in accordance with movement of the wafer 
relative to the optical element. 

Particular embodiments of the invention are set forth in the dependent claims. 

Other objects, features and effects as well as details of this invention appear 
from the detailed description of a preferred form of the invention. 



Fig. 1 is a schematic side view of an example of a device for directing 
radiation to a spot on a layer; 

Fig. 2 is a schematic, cross-sectional view of a distal end portion of a first 
example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 
is directed and of a liquid flow maintained in operation; 

Fig. 3 is a schematic, bottom view along the line HI-III in Fig. 2 

Fig. 4 is a schematic, cross-sectional view of a distal end portion of a third 
example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 
is directed and of a liquid flow maintained in operation; 
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Fig. 5 is a schematic, bottom view along the line V-V in Fig. 4; and 
Fig. 6 is a schematic top plan view representation of a wafer stepper/scanner 
for optical lithography. 



In the manufacture of an optically scannable information carrier, such as a CD 
or a DVD, a disc-shaped substrate 3 of glass (see Fig. 1) carrying a thin photosensitive layer 
5 on one of its two sides is irradiated by means of a modulated radiation beam 7, for instance 
a DUV laser beam with a wavelength of approximately 260 nm. To irradiate the 
photosensitive layer 5, use is made of an example 25 of a device in accordance with the 
invention, which device is described hereinafter with reference to Figs. 1-3. The radiation 
beam 7 is focused to a scanning spot 1 1 on the photosensitive layer 5 by an optical system, 
according to the present example in the form of a lens system 9, including a plurality of 
optical elements in the form of lenses. The lens system 9 includes an objective lens 55, which 
is secured in a lens holder 57. The lens system 9 further includes a most distal lens 59, which 
is the one of the optical elements of the lens system 9 that is located nearest to the layer 5 
when in operation. An interspace 53 is maintained between the layer 5 that is irradiated and 
the one of the optical elements of the lens system 9 that is located nearest to the layer 5. The 
optical elements may also include other items than lenses, such as filters, shields, diffraction 
gratings or mirrors. 

The layer 5 and the lens system 9 are displaced with respect to each other, so 
that the modulated radiation beam 7 on the photosensitive layer 5 successively irradiates a 
series of spaced apart irradiated portions of the layer 5 and does not irradiate portions of the 
layer 5 in-between the irradiated portions. The irradiated photosensitive layer 5 is 
subsequently developed by means of a developing liquid, which dissolves the irradiated 
elements 13 and leaves the non-irradiated elements 15 on the substrate 3. It is also possible to 
provide that the irradiated portions are left while the non-irradiated portions are dissolved. In 
both cases, a series of pits or bumps, which corresponds to the desired series of pit-shaped 
information elements on the information carrier, are formed in the photosensitive layer 5. The 
photosensitive layer 5 is subsequently covered with a comparatively thin layer of for instance 
nickel by means of a sputtering process. Subsequently, this thin layer is covered with a 
comparatively thick nickel layer in an electro deposition process. In the nickel layer, which is 
eventually removed from the substrate 3, the pattern of pits formed in the photosensitive 
layer 5 leaves a corresponding partem that is a negative of the pattern to be formed in the 
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information carrier to be manufactured, i.e. the master mold comprises a series of raised 
portions, which correspond to the series of pit-shaped elements formed in the photosensitive 
layer 5 and to the desired series of pit-shaped information elements on the information 
carrier. The master mold is thus rendered suitable for use as a mold in an injection-molding 
machine for injection molding the desired information carriers. Generally, however, a copy 
of the master mold is used as the mold for injection molding instead of the master mold, 
which copy of the master mold is commonly referred to as daughter mold, which is 
manufactured by means of the master mold using a customary replica process which is 
known per se. 

The substrate 3 with the photosensitive layer 5 is placed on a table 27 that is 
rotatable about an axis of rotation 29, which extends perpendicularly to the table 27 and the 
substrate 3 . The table can be driven by means of a first electromotor 3 1 . The device 25 
further comprises a radiation source 33, which, in the example shown, is a laser source, 
which is secured in a fixed position to a frame 35 of the device 25. It is observed that, as an 
alternative, the radiation may also be obtained from outside the device. Control over the 
radiation directed to the layer 5 can be achieved in many ways, for instance by controlling the 
radiation source 33 and/or by controlling a shutter or radiation diverter (not shown) between 
the radiation source 33 and the layer 5. 

The optical lens system 9 is secured onto a first traveller 37, which can be 
displaced radially (parallel to the X-direction in the drawings) relative to the axis of rotation 
29, by means of a first displacement structure 39. For this purpose, the first displacement 
structure 39 includes a second electromotor 41 by means of which the first traveller 37 can be 
displaced over a straight guide 43, which extends parallel to the X-direction and is fixed 
relative to the frame 35. 

A mirror 45 in line with an optical axis 49 of the lens system 9 is also secured 
to the first traveller 37. In operation, the radiation beam 7 generated by the radiation source 
33 follows a radiation beam path 47 extending parallel to the X-direction, and the radiation 
beam 7 is deflected by the mirror 45 in a direction parallel to the optical axis 49 of the lens 
system 9. The lens system 9 can be displaced in the direction of its optical axis 49 by means 
of a focus actuator 5 1 , over comparatively small distances with respect to the first traveller 3, 
so that the radiation beam 7 can be focused on the photosensitive layer 5. The table 27 with ' 
the substrate 5 is rotated about the axis of rotation 29 at a comparatively high speed by means 
of the first motor 31, and the lens system 9 is displaced parallel to the X-direction by means 
of the second motor 41 at a comparatively low speed, so that the scanning spot 1 1 where the 
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radiation beam 7 hits the layer follows a spiral-shaped track over the photosensitive layer 5 
leaving a trail of irradiated and non-irradiated elements extending in accordance with this ' 
spiral-shaped track. 

The device 25 can suitably be used to manufacture master molds having a 
: comparatively high information density, La by means of the device 25, a comparatively large 
number of irradiated elements can be provided per unit area of the photosensitive layer 5. The 
attainable information density increases as the scanning spot 1 1 is smaller. The size of the 
scanning spot 1 1 is determined by the wavelength of the radiation beam 7 and by the 
numerical aperture of the lens system 9, the numerical aperture depending upon the optical 
refractive index of the medium present between the lens system 9 and the photosensitive 
layer 5. The scanning spot 1 1 is smaller as the refractive index of the medium present 
between the lens system 9 and the photosensitive layer 5 is larger. Liquids typically have a 
much larger optical refractive index than air and therefore the portion of the interspace 53 
between the lens system 9 and the photosensitive layer 5 through which the beam 7 extends is 
maintained filled with a liquid - according to this example water. In the present example, 
water is also particularly suitable because it is transparent to the DUV radiation beam 7 used 
and it does not attack the photosensitive layer 5. 

As shown in Fig. 1, the device 25 according to the present example further 
includes a liquid removal structure 77, which is provided with a pick-up mouth 79. The pick- 
up mouth 79 is secured onto a second traveller 81 of the device 25, which can be displaced 
by means of a second displacement structure 83 of the device 25 in a radial direction with 
respect to the axis of rotation 29, according to the present example parallel to the X-direction, 
but another radial direction of displacement may be provided. For driving the displacement of 
the second traveller 81, the second displacement device 83 comprises a third electromotor 85 
connected to the second traveller 81 for displacing the second traveller over a straight guide 
87, which is attached to the frame 35 and extends in the directions of displacement of the 
second traveller 81. 

In operation, the pick-up mouth 79 is displaced by means of the third motor 
85. The third motor 85 is controlled so that the lens system 9 and the pick-up mouth 79 are 
continuously situated at substantially equal distances R from the axis of rotation 29 of the 
substrate 3. In this manner, the pick-up mouth 79 is maintained in a position downstream 
from the lens system 9 where irradiated portions of the layer 5 pass, so that the liquid 
supplied at the location of the lens system 9 is entrained by the rotating layer 5 to the pick-up 
mouth 79 where the liquid is subsequently picked-up from the photosensitive layer 5 by the 
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pick-up mouth 79. As the water is thus removed from the photosensitive layer 5 downstream 
from the lens system 9, it is substantially precluded that water that has already been used 
finds its way back to the interspace 53, thereby disturbing the accurately dosed liquid flow in 
the interspace 53. In operation, the pick-up mouth 79 is always at a distance R from the axis 
of rotation 29 which corresponds to the distance R at which the lens system 9 is situated from 
the axis of rotation 29, both the size and the capacity , of the pick-up mouth 79 need only to be 
comparatively small to remove liquid that has already been used. 

Figs. 2 and 3 show, in more detail, the lens system 9, the substrate 3 with the 
photosensitive layer 5, and the interspace 53 between the photosensitive layer 5 and the lens 
system 9. The lens 59 nearest to the layer 5 has an optical surface 63 facing the substrate 3 
and nearest to the substrate 3. The lenses 55, 59 are suspended in a housing 61, which 
includes a flat wall 65, which faces the layer 5 and which substantially extends in an 
imaginary plane perpendicular to the optical axis of the lens 59 nearest to the layer 5. In the 
surface of the lens system nearest to the layer 5, a recess 92 facing the spot 1 1 to which the 
radiation 7 is directed is provided. The surface 63 of the lens 59 nearest to the layer 5 forms 
an internal surface of the recess 92. This surface 63 also bounds the portion of the interspace 
53 through which the radiation 7 irradiates the spot 1 1. According to the present example, the 
surface 63 of the lens 59 nearest to the layer 5 is concave so that the deepest point of the 
recess 92 is in the middle, however, this surface may also be flat or convex. 

In operation, the portion of the interspace 53 through which the radiation 7 
irradiates the spot 1 1 on the layer 5 is maintained filled with liquid 91 . In the recess 92, the 
liquid 91 is, at least to some extent, protected against being entrained from the interspace 53. 
Since, the liquid 91 is less susceptible to being entrained away from the portion of the 
interspace 53 through which the radiation passes to the spot 11, occurrence of the associated 
optical distortion caused by the portion of the interspace 53 through which the radiation 
passes not being completely filled with liquid is thus counteracted. 

Moreover, this allows the smallest size of the interspace 53 measured parallel 
to the optical axis of the lenses 55, 59 to be relatively large. In turn, this reduces the risk of 
damage to the lens 59 nearest to the layer 5 and the allowable tolerances on the tilt of the lens 
can be larger without increasing the risk of the lens 59 touching the layer 5. 

The recess 92 may for instance be positioned and of such dimensions, so that 
only a portion of the radiation passes through the recess. However, for a particularly effective 
protection of liquid 91 across the whole radiation beam, it is preferred that the recess 92 has a 
rim portion 93 closest to the layer 5, which extends around the radiation 7 irradiating the spot 
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11. Accordingly, the portion of the interspace 53 in the recess 92 in which liquid 91 is 
shielded from being entrained extends throughout the whole cross-section of the radiation 
beam. 

The optimum working distance between the layer 5 and the wall 65 i e the 
portion of the lens assembly nearest to the layer 5, is determined by two factors. On the one 
hand, the distance should be large enough to retain sufficient tolerance on the distance 
between the substrate 3 and arrangement of the lenses 55, 59 and the housing 61 On the 
other hand, this distance should not be too large because this would require a too large liquid 
flow to maintain the immersed condition of the portion of the interspace 53 through which 
the radtation passes to the spot 1 1 . A presently preferred range for the smallest thickness of 
the interspace 53 is 3-1500 urn and more preferably 3-500 um if the liquid is water larger 
values for the smallest thickness of the interspace can be particularly advantageous if the 
hquxd has a larger viscosity than water. Also the overall width of the outflow opening affects 
the upper end of the preferred range for the smallest thickness of the interspace, the smailest 
thickness of the interspace being preferably smaller than (100 + 1/20 * W)um in which W is 
the overall width of the outflow opening measured in a plane parallel to the layer 5. 

The smallest thickness of the interspace maybe larger than approximately 10 
um, for instance larger than 15 um, 30 m or even 100 um, to increase the insensitivity to 



To avoid inclusion of air bubbles in the liquid and for reliably maintaining the 
filled condition of the portion of the interspace 53 through which the radiation 7 passes to the 
spot 1 1 , liquid outflow is preferably such that a liquid volume between the wall 65 and the 
layer 5 is maintained which includes a portion of the interspace 53 upstream (in a direction 
opposite to the direction of relative movement of the layer 5 in the area of the spot 1 1) of the 
port.cn of the interspace 53 through which the radiation irradiates the spot U. Thus, a safety 
margin of liquid upstream is formed which ensures that variations in the distance over which 
liquid is urged in upstream direction do not cause a disruption of the filled condition of the 
portion of the interspace 53 through which the radiation 7 passes to the spot 1 1 . 

The most downstream outflow opening 90 in the lens system 9 through which 
the liquid 91 is passed has a total projected cross-sectional passage area in a plane parallel to 
the layer 5 of which, seen in a direction parallel to the optical axis of the lens system 109 the 
centre is located inside the portion of the interspace 53 through which the radiation 7 
irradiates the spot 1 1 . Accordingly, the average path along which liquid flows out is at least 
to a large extent centred relative to the portion of the interspace 53 through which radiation 
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passes to the spot 11. Accordingly, the direction of movement of the layer 5 and the lens 
arrangement 9 relative to each other in the area of the spot 1 1 can be varied substantially 
without disrupting complete immersion of the portion of the interspace 53 through which the 
spot 1 1 is irradiated. Even if the direction of movement of the layer 5 is varied substantially, 
the trace of liquid 95 will still cover the entire portion of the interspace 53 through which the 
spot is irradiated. Nevertheless, areas of the outflow opening 90 around the beam 7 are 
located close to the beam, so that superfluous wetting of the layer 5 is limited. 

According to the present example, the portion of the interspace 53 through 
which the radiation 7 irradiates the spot 1 1 is also centrally located relative to the outflow 
opening 90 to such an extent that the trace 95 of liquid 91 fed from the outflow opening 90 
into the interspace 53 completely immerses the portion of the interspace 53 through which 
the radiation 7 irradiates the spot 1 1, not only while, in the position of the spot 1 1, the layer 5 
and the at least one lens system 9 move relative to each other in the direction indicated by the 
arrow 52 (which indicates the direction of movement of the layer 5 relative to the lens system 
9), but also while, in the position of the spot 1 1, the layer 5 and lens system 9 move relative 
to each other in opposite direction. 

The more the direction of movement of the layer 5 and the lens system 9 
parallel to the layer 5 in the area of the spot 1 1 can be changed without disrupting the 
immersion of the portion 194 of the area 153 through which the radiation passes, the more 
the device is suitable for applications in which the spot 1 1 needs to move over the surface of 
the layer in widely varying directions, such as in imaging processes in which the spot is a 
two-dimensional image projected to the layer 5. In such applications, the advantage of a 
comparatively large refractive index between the lens system and the medium between the 
lens system and the irradiated surface is that the image can be projected with a higher 
resolution, which in turn allows further miniaturization and/or an improved reliability. 

An example of such applications is optical projection lithography for the 
processing of wafers for the manufacture of semiconductor devices. An apparatus and a 
method for this purpose are schematically illustrated in Fig. 6. Wafer steppers and wafer 
scanners are commercially available. Accordingly, such methods and apparatus are not 
described in great detail, but primarily to provide an understanding of liquid immersion as 
proposed in the present application in the context of such optical imaging applications. 

The projection lithography apparatus according to Fig. 6 includes a wafer 
support 12 and a projector 13 having a lens assembly 14 above the wafer support 12. In Fig. 
6, the wafer support 12 carries a wafer 15 on which a plurality of areas 16 are intended to be 
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irradiated by a beam projecting an image or partial image of a mask or reticle 17 in a scanner 
18 operatively connected to the projector 13. The support table is moveable in X and Y 
direction along spindles 19, 20 driven by spindle drives 21, 22. The spindle drives 21, 22 and 
the scanner 1 8 are connected to a control unit 23. 

Usually one of two principles of operation are applied in optical lithography. 
In the so-called wafer stepper mode, the projector projects a complete image of the reticle 
onto one of the areas 16 on the wafer 15. When the required exposure time has been reached, 
the light beam is switched off or obscured and the wafer 15 is moved by the spindle drives 
21, 22 until a next area 16 of the wafer is in the required position in front of the lens 
assembly 14. Dependent on the relative positions of the exposed area and the next area to be 
exposed, this may involve relatively quick movement of the lens assembly 14 along the 
surface of the wafer in widely varying directions. The size of the irradiated spot on the 
surface of the wafer in which the image of the reticle is projected is typically about 20 x 20 
mm, but larger and smaller spots are conceivable. 

In particular when it is desired to manufacture larger semiconductor units, it is 
advantageous to project the image in the other mode, usually referred to as the wafer scanner 
mode. In that mode, only a slit-shaped portion of the reticle is projected as a slit shaped spot 
having a length that is several (for instance four or more times) times larger than its width in 
an area 16 on the surface of the wafer 15. A typical size for the spot is for instance 30 x 5 
mm). Then, the reticle 17 to be scanned is moved along the scanning window while the wafer 
support 12 is synchronously moved relative to the lens assembly 14 under control of the 
control unit 23 with a velocity adapted so that only the projection spot, but not the scanned 
partial image portions of the reticle 17 that are projected on the wafer move relative to the 
wafer 15. Thus, the image of the reticle 17 is transferred to an area 16 of the wafer as 
successive portions "unroll" as the spot progresses over the wafer. The movement of the 
wafer 15 relative to the lens assembly 14 while a running window portion of the reticle is 
projected onto the wafer 15 is usually carried out relatively slowly and usually each time in 
the same direction. After the complete image of a reticle 17 has been projected onto the wafer 
15, the wafer 15 is generally moved much more quickly relative to the lens assembly 14 to 
bring a next area of the wafer 15 where a next image of the or a reticle 1 7 is to be projected in 
front of the lens assembly 14. This movement is carried out in widely varying directions 
dependent on the relative positions of the exposed area 16 of the wafer 15 and the next area 
16 of the wafer 15 to be exposed. To be able to recommence irradiating the surface of the 
wafer 15 after the displacement of the wafer 15 relative to the lens 14 (i.e. also the lens or the 
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lens and the wafer may be moved), it is advantageous if the liquid volume in the interspace 
between the lens 14 and the surface of the wafer 15 through which the radiation passes is 
immediately filled with liquid after completion of that movement, so that the space is reliably 
immersed before radiation is recommenced. 

Also for optical lithography, water can be used, for instance if the radiation is 
light of a wavelength of 193 nm. However in some circumstances other liquids may be more 
suitable. 

Returning to Figs. 2 and 3, since the recess 92 is bound by a concave portion 
of the surface 63 of the lens 59 nearest to the spot 1 1 on the layer 5 to which the beam of 
radiation7 is directed, the advantages of having a recess 92 are combined with a relatively 
uniform flow pattern throughout the portion 94 of the interspace 53 through which radiation 7 
passes to the spot 11. In particular, a uniform pattern of flow velocity gradients in the 
interspace 53 is obtained. In turn, the relatively uniform flow pattern is advantageous to avoid 
inducing vibrations and for obtaining a continuous uniform supply of fresh liquid and thereby 
a uniform, steady liquid temperature. These effects are both advantageous for avoiding 
optical disturbance of the radiation beam 7. 

In Fig. 3, the dotted circle designated by reference numeral 94 indicates the 
perimeter of the portion of the interspace 53 between the lens 59 and the layer 5 through 
which the radiation beam 7 passes. 

For supplying liquid 91 to the interspace 53 between the lens 59 and the layer 
5, a liquid supply conduit 67 extends through the housing 61 and leads to an outflow opening 
90. According to the present example, the outflow opening 90 has the form of a canal 
structure in a surface 54, which canal structure 90 is open towards the layer 5, for distributing 
supplied liquid 91 longitudinally along the canal 90 and dispensing distributed liquid towards 
the layer 5. In operation, the liquid 91 is distributed by the canal structure 90 longitudinally 
along that canal structure and the liquid 91 is dispensed from the canal structure 90 towards 
the layer 5. This results in a relatively wide liquid trace 95 and full immersion of the portion 
94 of the interspace 53 through which the radiation beam 7 passes, even if the direction of 
movement of the lens system 9 and the layer 5 relative to each other parallel to the plane of 
the layer 5 is changed substantially. 

The canal 90 can have various forms. In the embodiment shown in Figs. 2 and 
3, the canal is formed such that the outflow opening 90 is located outside the radiation beam7 
and extends around the portion 94 of the interspace 53 through which the radiation 7 
irradiates the spot 1 1. The cross 96 indicates the centre, seen in a direction parallel to the 
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optical axis of the lens system 9, of the total cross-sectional passage area of the outflow 
opening 90. 

The liquid 91 is preferably supplied at a pressure drop over the liquid between 
the canal structure 90 and the environment that is just sufficient to keep portion of the 
interspace 53 through which the radiation passes reliably immersed. Thus, the amount of 
water fed to the surface is kept to a minimum. 

Furthermore, when the liquid 91 is dispensed via a canal shaped outflow 
opening 90, the smallest thickness of the interspace 153 (in this example the distance 
between the layer 5 and the surface 54 of the wall portion 65) may be larger, without causing 
an undue risk of disrupting the immersion of the portion 94 of the interspace through which 
the radiation passes. Therefore, when the liquid is dispensed from a canal-shaped outflow 
opening 90, the displacement structure 27, 31 and the lens system 9 are preferably positioned 
and dimensioned for maintaining the smallest thickness of the interspace 53 in a range 
between 3 and 500 urn. 

The flow rate with which the liquid 91 is supplied is preferably such that it can 
be reliably ensured that a laminar flow with an essentially linear velocity profile and 
preferably a homogeneous Couette flow is present in the interspace 53. Such a flow exerts a 
substantially constant force on the wall 65 in which the canal 90 is provided and on the side 
63 of the lens 59 nearest to the layer 5. As a result, the liquid present in the interspace 53 
exerts substantially no variable liquid forces on the lens system 9. Such varying liquid forces 
would lead to undesirable vibrations of the lens system 9 and hence to focusing errors and 
positioning errors of the radiation beam 7 on the photosensitive layer 5. The flow is 
preferably free of air inclusions, so that the radiation beam 7 is not disturbed. 

In Figs. 4 and 5 a second example of a lens system 109 for devices such as the 
devices shown in Figs. 1 and 6 is shown. According to this example, the outflow opening 190 
downstream of the liquid supply canal 167 is also provided with a canal structure open 
towards the layer 5 (i.e. in the direction in which the beam 107 is directed), but has a 
different, rectangular shape when seen in axial direction of the lens system 109. An 
essentially rectangular shape is particularly advantageous for reliably immersing a 
rectangular area 194 of the interspace intersected by the radiation beam while maintaining a 
uniform liquid flow patter throughout the intersected portion 194 of the interspace 153, in 
particular if the. movement of the lens system 109 and the layer 5 relative to each other is in a 
direction perpendicular to one of the sides of the rectangular canal structure 190. Such 
circumstances typically occur in optical projection lithography. 
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The recess 192 is bounded by a passage 195 in a wall 165 perpendicular to the 
axis of the lens system 9 and a surface of the lens 159 nearest to the spot 1 1 and the surface 
of the lens 159 nearest to the spot 11 also bounds the portion 194 of the interspace 153 
through which the radiation 1 07 passes to the spot 1 1 . Accordingly, the lens 159 is 
effectively protected against damage due to inadvertent contact between the lens system 109 
and the layer 5 on the substrate 3. 
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CLAIMS: 



1 • A method of irradiating a layer including: 

directing and focussing a radiation beam to a spot on said layer by means of at 
least one optical element; 

causing relative movement of the layer relative to said at least one optical 
element so that, successively, different portions of the layer are irradiated and an interspace 
between a surface of said at least one optical element nearest to said layer is maintained; and 

maintaining at least a portion of said interspace through which said radiation 
irradiates said spot on said layer filled with a liquid, the liquid being supplied via a supply 
conduit and flowing out of an outflow opening; 

characterized in that at least one outflow opening via which the liquid flows 
out is provided in the form of at least one canal open towards said layer, said canal 
distributing supplied liquid longitudinally along said canal and dispensing distributed liquid 
towards said layer. 

2. A method according to claim 1 , wherein the canal or canals are positioned 
such that, seen in a direction perpendicular to said layer, the canals define a total cross- 
sectional area having a centre in said portion of said interspace through which the radiation 
irradiates the spot. 

3 . A method according to claim 1 or 2, wherein a smallest thickness of said 
interspace is maintained at 3-1500 urn. 

4. A method according to any one of the preceding claims, wherein at least a 
portion of said liquid fills up a recess through which said radiation irradiates said spot. 



5 . A method according to claim 4, wherein the recess has a rim portion closest to 

said layer extending around said radiation irradiating said spot. 
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6 A method according to claim 4 or 5, wherein Said recess includes a concave 

portion of said surface of said at least one optical element nearest to said layer. 

7. A device for directing radiation to a layer including: 

at least one optical element for focussing a beam of radiation originating from 
said radiation source to a spot on said layer; 

a displacement structure for causing relative movement of the layer relative to 
said at least one optical element so that, successively, different portions of the layer are 
irradiated and an interspace between said layer and a surface of said at least one optical 
element nearest to said spot is maintained; and 

an outflow opening for supplying liquid to at least a portion of said interspace 
through which, in operation, said radiation irradiates said spot on said layer, said outflow 
opening having a total projected cross-sectional passage area in a plane perpendicular to an 
axis of said radiation beam; 

characterized in that the at least one outflow opening is formed by at least one 
canal open towards said layer, for distributing supplied liquid longitudinally along said canal 
and dispensing distributed liquid towards said layer. 

8. A device according to claim 7, wherein the outflow opening or a plurality of 
the outflow openings are positioned such that, seen in a direction parallel to said axis of said 
radiation beam, said total cross-sectional area has a centre in said portion of said gap through 
which the radiation irradiates the spot. 

9. A device according to claim 7 or 8, wherein said displacement structure and 
said recess are positioned and dimensioned for maintaining a smallest thickness of said 
interspace at 3-1500 urn. 

10. A device according to any one of the claims 7-9, wherein a recess is provided 
in a surface facing said spot, an internal surface of said recess bounding at least said portion 
of said interspace through which said radiation irradiates said spot. 

11- A device according to claim 10, wherein said recess has a rim portion closest 

to said layer extending around said portion of said interspace through which, in operation, 
said radiation irradiates said spot. 
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12. A device according to claims 10 or 1 1, wherein said recess includes a concave 

portion of said surface of said at least one optical element nearest to said spot. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 



doubled 351 ° PtiCal e ' ement ' 3 radiati ° n iS tUmed t0 the Sp0t ° n 3 layer ' and a focus is 
A relative motion of the layer relevant to said at least one optical element is caused, the part 
from which sa,d layer differs continuously is irradiated, and the space between the front faces of 
said at least one optical element nearest to said layer is maintained 

Said a part of space [ at least ] through which it passes in case said radiation is irradiated by 
said spot on said layer is filled with a liquid, it is maintained, and said liquid is supplied through a 
supply pipe and flows out of a tan hr,l* s 



supply pipe and flows out of a tap hole 
The process to carry out is included 



It is characterized by being prepared ,n the condition that at least one passage is carrying out 
opening towards said layer, for said passage distributing the liquid supplied to the longitudinal 
direction along sa.d passage, and at least one tap hole along which it passes in case said liquid 
flows out turning and distributing the distributed liquid to said layer, 
The exposure approach of a layer 
[Claim 2] 



It is the approach according to claim 1 characterized by positioning said passage so that all the 
cross-section fields that have a core may be set to said part of said space which passes along 
sa,d passage in case sa.d radiation is irradiated by said spot, when it sees in the direction 
perpendicular to said layer. 
[Claim 3] 

The smallest thickness of said space is an approach according to claim 1 or 2 characterized by 
being maintained by three to 1 500 micrometer 
[Claim 4] 

Claim 1 characterized by filling the recess along which said some of liquids [ at least ] pass in 
case said radiation is irradiated by said spot thru/or an approach given in 3 any 1 terms 
LOIaim 5J 

Said recess is an approach according to claim 4 characterized by having the rim section nearest 
to said layer prolonged around said radiation which irradiates said spot. 
LCIaim 6] 

Said recess is an approach according to claim 4 or 5 characterized by including the crevice of 
said front face of said at least one optical element nearest to said layer 
[Claim 7] 

At least one optical element which doubles a focus with the spot on a layer for the radiation 
beam emitted from the radiation source, 

Displacement structure which causes a'relative motion of said layer relevant to said at least one 
optical element so that the part from which said layer differs continuously may be irradiated and 
the space between said layer and the front face of said at least one optical element nearest to 
said spot may be maintained, 

In the tap hole which supplies a liquid to said a part of space [ at least ] through which it passes 
http://www4.ipdl.inpit.go.jp/cgi-bin/tran.web.cgi_eije?u=http%3A%2F%2Fwww4.ipdl.i... 2007/04/10 
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in case said radiation is irradiated by said spot on said layer, said tap hole has all the projected 

cross-section passage fields in a field perpendicular to the shaft of said radiation beam 

tt is characterized by being prepared in the condition that at least one passage is carrying out 

opening towards sa.d layer, for said passage distributing the liquid supplied to the longitudinal 

direction along said passage, and said at least one tap hole turning and distributing the 

distributed liquid to said layer, 

Equipment which makes radiation turned to a layer 

[Claim 8] 

For all cross-section fields, said one or more tap holes are equipment according to claim 7 
characterized by being positioned so that it may have a core into said part of the gap along 
which it passes in case said radiation is irradiated by said spot, when it sees in the direction 
parallel to said shaft of said radiation beam 
[Claim 9] 

It is equipment according to claim 7 or 8 characterized by positioning said displacement 
structure and said recess so that the smallest thickness of said space may be maintained by 
three to 1500 micrometer. 
[Claim 10] 

A recess is prepared all over the front face which counters said spot. 

Even if there is little said space along which it passes in case said radiation irradiates said spot 
to the inside of said recess, the boundary of said part is restricted. 
Equipment according to claim 7 to 9 characterized by things. 
[Claim 11] 



A recess is equipment according to claim 10 characterized by having the rim section nearest to 
said I layer prolonged around said part of said space along which it passes in case said spot is 
irradiated. 
[Claim 12] 

Said recess is equipment according to claim 10 or 11 characterized by including the crevice of 
said front face of said at least one optical element nearest to said spot. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Field of the Invention] 
[0001] 



This invention relates to the equipment which irradiates a layer which is in the preface of the 
approach of irradiating a layer which is in the preface of claim 1 , and claim 7 
[Background of the Invention] 
[0002] 

Such a technique is known in international disclosure official report WO-A-02/13194. According to 
this periodical, a desired approach and equipment are optically used for manufacture of the 

™TT CamCr Whkh T b t SCanned In such a P rocess > 311 information carrier is manufactured 
according to a copy process by the daughter mould which the main mould was manufactured first 
and manufactured by the main mould or the main mould. In order to manufacture the main mould 
the radiation beam and lens system by which it was led to the scan spot on the light-sensitive layer 
carried by the optical lens system and the substrate, and the focus was united and which were 
modulated move relatively mutually. The space between the nearest fields of the lens system which 
counters a light-sensitive layer and a light-sensitive layer is filled with the liquid. 

In order to move the substrate in response to a lens system, the table which carries a substrate can be 
routed centering on a revolving shaft. With displacement equipment, a lens system is taken to the 
radiation direction component part which rotates centering on the revolving shaft of a table and it 

!Z ! HT h Ced W f A 'T d f PP,y ^ SUPplieS 3 li£ « Uld to the ^Paoe between a S^i ve 
layer and the nearest optical surface of a lens system 
[0004] 



n a T S t 6 SP r Ce ? dd thr ° Ugh Which the radiation b y which a by* and a lens are led 

to a radiation spot when a liquid moves the problem of this approach learned and equipment mutoal 
quite promptly passes dipping of the continuous part of the layer which should be LdiatedTrSe 

nterruptun very simply Dipping may be made interruption by important change of the direct on of 

tZ ? H Jr ' IayCr - ThC St3bility ° f the " quid fi,m between the layer which should be 
nradrated and the nearest optical surface of an optical element may improve by making very small 
distance between the layer which should be irradiated, and the nearest optical surface of an opS 

e£S ^ 1 ^ 5° f mply damaged in tHiS CaSe by COntact in < he lens ^ ^yer by whTch 

especially equipment and the lens nearest to the layer which should be irradiated run mutually. 

,Ih wT° h T equipment Pleading a radiation beam to the spot in a light-sensitive layer are 
ndicated by Japanese patent application disclosure and JP,10-255319,A. By this approach, the light- 
ens tive layer is applied to the substrate of the disk configuration which consists of glass. A table 
and a substrate rotate centenng on the revolving shaft which has extended at right angles to a 
substrate the variation rate of the lens system is comparatively carried out in the radiation direction 
to a revolving shaft at a low speed, and the scan spot of the radiation beam formed on the iST 
hT^r ^ f SC T tyPe - Hke ° f 3 ^-^itive layer. With a radiation beam and 
this known equipment, a laser beam is modulated and the irradiated series of the component whkh is 
not reached and .rradiated is formed on a screw type-like truck. The series concemedcorresponds : to 
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the information component series of the request on the information carrier which should be 
manufactured. A light-sensitive layer improves after that, the irradiated component is decomposed 
and depression series is formed into a light-sensitive layer. Next, sputtering of the comparatively thin 
aluminum layer is carried out on a light-sensitive layer, and the aluminum layer concerned is 
prepared with a comparatively thin nickel layer according to an electric membrane formation process 
after that. Thus, as the formed nickel layer was removed from the substrate and formed and 
mentioned above the main mould which should be manufactured, the main mould is prepared with 
the disk shaped surface which has the series of the part corresponding to the series of the information 
component of the request on the information carrier which should be manufactured which went up 
Ihus, although the manufactured main mould is suitable for being used for manufacture of a desired 
information earner, generally many duplicates and the so-called daughter mould are made by the 
copy process by the main mould. The further copy process and since generally manufactures a 
desired information earner according to an injection-molding process, it is used by these daughter 
moulds. By this approach, the required number of the comparatively expensive main moulds is 
restneted. Such a manufacture approach of the information carrier which can be scanned on an 
optical target ike CD equipped with the information component of the pit configuration by the 
daughter mould manufactured by the main mould or the main mould or DVD is learned widely and 

IS USU3.11y-llKC. 



[0006] 



The space between the lenses of the lens system which counters a light-sensitive layer and a light- 
sensitive layer is filled with water. For this reason, the equipment known is formed with the tap hole 
Zh^l / S H°ff a / ear the u w 7 lyin ? shaft of a table - The water supplied through the tap hole is 
substantially diffused across the front face of a light-sensitive layer under the effect of a centrifugal 

S^i'SfS? 18 W f r - Sin u 6 ^ haS ™ ° ptica1 ' fairly bi ^ er refractive index tha » 

air, supply of the water in space bnngs about the substantial increment in the include angle in which 
he light which occurred from the optical axis of the light from a radiation beam and a lens system 
2 I 21 h ? m 3 f™ s P°tConsequently, the size of the spot formed of the radiation beam 
on a hght-sensitive layer decreases fairly, it reaches, the component for which most number was 

whfch ioT^ T? lrTad vI at l d iS u f0rmed ° n 3 ^-^ve layer, and the information carrier 
which should be manufactured has higher information density 
[0007] 



Other examples from which the gap of a lens and the front face irradiated is continuing being filled 
with a hquid are the optical image approach like optical projection lithography, and equipment, and 
the spot formed of the radiation projected on the front face forms an image or a partial image Such 
an approach and equipment are indicated by international disclosure official report WO-99/49504 
Patent reference 1 ] International disclosure official report WO-A-02/1 3 1 94 Danrahlet 
[Patent reference 2] JP, 10-2553 19, A 

[Patent reference 3] International disclosure official report WO-99/49504 namnhlet 
[Description of the Invention] p 



[Problem(s) to be Solved by the Inventionl 
[0008] 



The liquid film with which the fault of these approaches and equipment was formed in space is is not 
is ^/^^ rdat i V r e variation rates of » ^ns and a field parallel to a front face, o 
to the back, and not rationally enough for it necessarily. Consequently, a defect progresses in a light- 

7*Z!Z K a ?? tl0n h > the C K nge I" C ° nditi0n ° f the ^ * lm causedby relative motion 
of a lens and a front face bnngs about change of the force exerted on a lens system Since a lens 
system is hung with the restneted rigidity, change of the force done with a liquid film causes the 
oscillation which is not desirable as for a lens system, and serves as inhibition of the precision of the 

Z^STf^T r ? Furth r° re ' thC Uquid ° f 3 lar § e < uantit y must be comparatively 
supplied so that the liquid volume m the space part which radiation passes may be maintained 
Consequently the equipment known must be formed with the extensive means, in order to prevent 
[0009] 18 bCtWeen 3 hqUid and ° ther PartS ° f ea - ui P ment 1 desirable. 

This invention aims at continuing filling rationally the space part of the optical front face nearest to 
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the layer irradiated, and its layer which radiation passes with a liquid in the rate and direction of the 

optical element of the big range, and the variation rate of a layer 

[0010] 

Another object of this invention is to decrease the danger of breakage by the contact in an optical 
element and the layer which should be irradiated which is not meant. 
[Means for Solving the Problem] 
[0011] 

According to this invention, these objects are attained by offering the approach of claim 1 
Moreover, according to this invention, the equipment of claim 7 is offered in order to perform the 
approach of claim 1. 
[0012] 



The liquid route which distributes the supplied liquid to a longitudinal direction along passage and 
distributes the distributed liquid toward a layer sends a liquid as a layer. Therefore, the space part 
which achieves an optical function is the small susceptibility over the change in the direction and 
rate of a mutual motion of a lens and a layer, and can be filled with a liquid 



[0013] 



That the susceptibility over the change in the direction and rate of the relative motion of an optical 
element and a layer with mutual approach and equipment of this invention is small It is not only 
advantageous to manufacture of an optical information carrier or a mould with a change very slight 
in the direction of the motion to the optical element of a layer, but In order to carry an optical 
element to the new location of a wafer and objection that the image with which reticle [ in / for the 
reticle to the new spot on a wafer / the next field of projection or a wafer ] (mask) was projected 
should be developed (scan), when carrying out the step of the wafer to an optical element In other 
applications for example like an optical image like the wafer stepper for the optical projection 
lithography for manufacture of semiconductor fabrication machines and equipment and a wafer 
scanner in the direction of the motion to the layer of an optical element, it changes substantially 
scanning a spot along with reticle according to the motion of a wafer to the projection field of the 
reticle to a wafer, or an optical element - or the reticle obtained as did so - it is usually formed of 
^migration field of projection for a transit window part of a slit configuration. 

Especially the operation gestalt of this invention is shown by the subordination term. 

Other objects, descriptions, and effectiveness as well as the detail of this invention are expressed in 
the detailed explanation in the desirable gestalt of this invention. 
[Best Mode of Carrying Out the Invention] 
[0016] 

The substrate 3 of the shape of a disk of a glass (refer to drawing 1 ) like CD or DVD which carries 
[ in / optically / manufacture of the information carrier which can be scanned ] the light-sensitive 
™ ™ u 1 ° ne °/ thC 2nd page is irradiated *e modulated radiation beam 7, for example the 
DUV laser beam whose wavelength is about 260nm. Since the light-sensitive layer 5 is irradiated 
Example 25 of the equipment by this invention is used, and the equipment concerned is explained 
with reference to drawing 1 thru/or 3. The radiation beam 7 can focus on the scan spot 1 1 on the 
light-sensitive layer 5 by the optical system expressed with the lens system 9 by this invention 
including two or more optical elements of a lens format. The lens system 9 contains the objective 
lens 55 fixed m the ens holder 57. The lens system 9 is one of the optical elements of the lens 
system 9 which the lens 59 concerned has most near the layer 5 working including the further end 
lens 59^ It is maintained between one of the optical elements of the lens system 9 most near the layer 
5 by which space 53 is irradiated, and the layer 5. An optical element may also contain other items 
[0017] 3 exam P le > a filter, shielding, a concave grating, or a mirror again. 

The variation rate of a layer 5 and the lens 9 of each other is carried out, and the modulated radiation 
beam 7 in the light-sensitive layer 5 irradiates the series which is separated from the part by which 
the layer 5 was irradiated continuously, and does not irradiate the part of the layer 5 between the 
irradiated parts. The irradiated light-sensitive layer 5 dissolves the irradiated component 13, and is 
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developed with the developer which leaves the component 15 in a substrate 3 which is not irradiated 
It is also possible to leave the irradiated part and to dissolve the part which is not irradiated In both 
the case, the series of the pit corresponding to the series of a request of the information component of 
the pit configuration in an information carrier or a bump is formed into the light-sensitive layer 5 As 
for the light-sensitive layer 5, nickel etc. is succeedingly covered comparatively with a sputtering 
process by the film. Then, this film is covered with a comparatively thick nickel layer by the electric 
membrane formation process. The pattern of the pit formed in the light-sensitive layer 5 leaves the 
response pattern which is the negative of the pattern formed into the information carrier 
manufactured, namely, the main mould has the series of the part which went up, and it corresponds 
m the nickel layer eventually removed from a substrate 3 to the series of the component of the shape 
of a pit formed into the light-sensitive layer 5, and the series of the information component of the 
shape of a pit of the request on an information carrier. Thus, the main mould is suitable for the 
activity as a mould in the injection molding machine for injection molding a desired information 
earner. However, generally, the duplicate of the main mould is used instead of the main mould as a 
mould for injection molding, and the duplicate of the main mould is referred to as a younger sister 
[001 8]' ^ manufactUred by the main mould usin 8 the usual C0 Py process known in itself. 
The substrate 3 which has the light-sensitive layer 5 is formed in the pivotable table 27 centering on 
the revolving shaft 29 vertically prolonged to the table 27 and the substrate 3. A table is operated by 
the 1st electric motor 31 . Equipment 25 has the radiation source 33 further, and by this example the 
radiation source 33 is a laser line source, and is being fixed to the fixed position of the frame 35of 
equipment 25. Or radiation may be obtained from from outside equipment. Control of the radiation 
led to a layer 5 can be obtained by [ which can obtain by many methods, for example, controls the 
radiation source 33 ] depending especially and/or controlling the shutter (not shown) or radiation 
di verier between the radiation source 33 and a layer 5 
[0019] 

It is fixed to the 1st traveller 37 and the optical lens system 9 can displace the 1st traveller 37 
centering on a revolving shaft 29 according to the 1st displacement structure 39 at a radial (all over 
drawing it is to the direction of X). The 1st displacement structure 39 contains the 2nd electric 
motor 41 which can be displaced to the straight guide 43 fixed in the direction of X to a frame 35 in 
the 1 st traveller 37 prolonged in parallel for this object. 
[0020] J 

The mirror 45 in the line which has the optical axis 49 of the lens system 9 is also fixed to the 1st 
traveller 37. In actuation, the radiation beam 7 generated by the radiation source 33 follows the 
radiation beam way 47 which has extended in parallel in the direction of X, and the radiation beam 7 
is deflected for it by the direction parallel to the optical axis 49 of the lens system 9. the lens system 
9 - the focal actuator 51 - the direction of an optical axis 49 - per 1st traveller 3 - a comparison - 
like -- short - a distance variation rate is carried out and the radiation beam 7 can focus on the light- 
sensitive layer 5. Centering on a revolving shaft 29, the table 27 which has a substrate 5 rotates at 
high speed comparatively by the 1st motor 31. The lens system 9 A variation rate is comparatively 
earned out to parallel with the direction of X at low speed by the 2nd motor 41 . The spiral truck with 
which the scan spot 1 1 which the radiation beam 7 hits in a layer exceeded the light-sensitive layer 5 
was followed, and ,t has left the irradiated trace of the component which is not reached and irradiated 
which has been prolonged according to this spiral truck 
[0021] " 

Equipment 25 fits manufacture of the main mould which has comparatively high information 
density and the component by which the comparatively large number was irradiated with equipment 
25 can be offered for every unit area of the light-sensitive layer 5. The information density which can 
reach increases as the scan spot 1 1 becomes small. The magnitude of the scan spot 1 1 is defined with 
the wavelength of the radiation beam 7, and the numerical aperture of the lens system 9 and the 
numencal aperture concerned is based on the optical refractive index of the medium between the 
lens system 9 and the light-sensitive layer 5. The scan spot 1 1 is so small that the optical refractive 
index of the medium between the lens system 9 and the light-sensitive layer 5 is large. Since a liquid 
has an optical bigger refractive index than air typically, the space part 53 between the lens system 9 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



4/18/2007 



, JP,2006-51 1021, A [DETAILED DESCRIPTION] Page 5 of 9 

and the light-sensitive layer 5 to which the beam 7 has extended is a liquid, and the condition of 
having been filled with this example with water is maintained. In this example, in order that water 
may be penetrated with the DUV radiation beam 7 used and may not attack the light-sensitive layer 
5, it is especially suitable. 3 
[0022] 

As shown in drawin g 1 , the equipment 25 of this example includes further the liquid ****** 
structure 77 established with the pickup opening 79. Although the pickup opening 79 is fixed to the 
2nd feller 81 of equipment 25 and the 2nd traveller 81 is displaced to the direction of X and 
parallel by this example in the radiation direction centering on a revolving shaft 29 according to the 
2nd displacement structure 83 of equipment 25, another radiation direction of a variation rate may be 
established. In order to displace to the straight guide 87 which the 2nd traveller 81 was attached in 
the 2nd displacement equipment 83 by the frame 35 since the variation rate of the 2nd traveller 81 
was driven, and has been prolonged in the displacement direction of the 2nd traveller, it has the 3rd 
electric motor 85 linked to the 2nd traveller 81 
[0023] 

In actuation, the variation rate of the pickup opening 79 is carried out by the 3rd motor 85 The 3rd 
motor 85 ,s controlled and the lens system 9 and the pickup opening 79 are continuously located in 
the place of the equal distance R substantially from the revolving shaft 29 of a substrate 3 Thereby 
it is maintained in the location which went downward, the liquid supplied in the location of the lens 
system 9 from the lens system 9 which the part by which the layer 5 was irradiated passes is taken up 
by the revolution layer 5, a liquid is succeedingly taken up by the pickup opening 79 from the light- 
sensitive layer 5, and the pickup opening 79 is put. Thus, since water is removed toward the bottom 
from the lens system 9 from the light-sensitive layer 5, it becomes impossible in operation for the 
already used water to find the return way to space 53, and 1 time of the exact liquid flow to space 53 
is checked. In actuation, the pickup opening 79 is in the place of distance R from a revolving shaft 
ll»oZ SP °A 8 ? tH u dlS ! anCC R in WhlCh the lens S y stem 9 alwavs "J"** from the revolving 

SISh 1 ; r n °h T ma§nitUde and th£ V ° lume 0f the P icku P °P eni "g 79 ™y ™iov e the 

already used liquid, only a comparatively small thing is needed. 

[0024] 

Qimmgl md drawing show the space 53 between the lens system 9, the substrate 3 which has the 
hght-sensitiye layer 5, the light-sensitive layer 5, and the lens system 9 more to a detail. The lens 59 
nearest to a layer 5 counters a substrate 3, and has the optical surface 63 nearest to a substrate 3 
Lenses 55 and 59 are hung into housing 61, and ** and said housing 61 counter a layer 5, and ' 
mclude the flat wall 65 substantially prolonged in the field on imagination vertical to the optical axis 
of the lens 59 nearest to a layer 5. In the field of the lens system nearest to a layer 5, the recess 92 
which counters the spot 1 1 to which radiation 7 is led is formed. The field 63 of the lens 59 nearest 
to a layer 5 forms the inner surface of a recess 92. This field 63 has restricted the boundary of the 
part of the space 53 through which it passes again since radiation 7 irradiates a spot 11. According to 
tins example the field 63 of the lens 59 nearest to a layer 5 is a concave surface, and has the vertex 
°00 a 25] CeSS m middlC ' However ' this fieId mav be flat or ma y be a convex. 



In actuation, the part of the space 53 through which it passes in case radiation 7 irradiates the spot 1 1 
of a layer „ filled with the liquid 91. In a recess 92, a liquid 91 is protected from riding from spa e 
53. Since there is almost no susceptibility in a liquid 91 separating and riding from the part of the 
space 53 through which radiation passes toward a spot 1 1, radiation passes and generating of 
distortion of the associated light which is caused by the part of the space 53 which is not filled 
thoroughly with water is blocked. 
[0026] 

S C ° mpa f atiVely SmaU Size ofthe s P ace 53 which ha d the dimension 
taken by the optical axis of lenses 55 and 59 to parallel. Similarly, as for this, the increment in the 
danger of a lens 59 of contacting a layer 5 can make nothing greatly the permissible strength [ in / 
[002?" 6 18 ' ^ indination of a lens J t0 *e lens 59 nearest to a layer 5. 

A recess 92 may be positioned, for example and you may make it only a radiation part pass a recess. 
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However, it is desirable for a recess 92 to have the rim section 93 nearest to a layer 5 prolonged 
around the radiat,on 7 which emits a spot 1 1 for especially effective protection of the liquid 91 
which crosses the whole radiation beam. Therefore, the part of the space 53 in the recess 92 
[0028] 3 hqUld 91 " din8 ^ pr ° l0n8ed in dl the cross sections of radiation. 

The optimal practical distance of partial ** of a layer 5 and a wall 65, i.e., the lens assembly nearest 
to a layer 5 is determined by two elements. One is what the distance concerned should be greatly 
enough to hold sufficient endurance in the distance between arrangement of a substrate 3, lenses 55 
and 59, and housing 61. Another is not too large [ this distance ]. It is because quite big liquid flow 
will be required in order to maintain the immersion conditions of the part of the space 53 alone 
which it passes in case radiation passes a spot 1 1. When a liquid is water, the range where the 
smallest thickness of space 53 is desirable is three to 1500 micrometer, and is three to 500 

r a Zt et ? T r l dCSirab f ly - ^ « ViSC ° Sity With a bigger li£ * uid than water < a valu « with the 
hTr nl' V ^ ° ^ '? ^ ° n actuaL Ful1 t of a te P hole ] aff ects the upper bed of 
the range where the smallest thickness of space is desirable, and, as for the smallest thickness of 
space, is desirably smaller than mu(100+l/20*W) m, and it is full [ of the tap hole where W was 
measured in the field parallel to a layer 5 in this easel 
[0029] J * 

The smallest thickness of space may be larger than about 10 micrometers, for example, may be [ that 

S w5^2£r^ bC inCreaSCd ] Iarger than 15 micr ° meters > 30 Aerometers 

[0030] 

Jirt^h.r 10 ^ 101 ; SitU ? i0n °y th ? art ° f th£ SpaCC 53 along which * P asses in case it avoids that 
dL^^/v . H ,f m 3 hqU,d f d radiad ° n 7 paSSeS 3 Spot 1 1 should be maintained rationally 
motion of the layer 5 in the field of a spot 11 is the direction of reverse) 53 may be included rather 
than the part of the space 53 along which the liquid volume between a wall 65 and a layer 5 passe in 

change ofT* S T 7*i V ^ ^ °^ **** mnJZiSSZS 

change of the distance m which a liquid is hastened in the direction of the upstream does not cause 

pas's alpo? T"*™ ^ ° f *** * *"* ^ » case radiaSon 7 

[0031] 

The tap hole 90 of the bottom style in the lens system 9 which a liquid 91 passes has a core inside the 
part of the space 53 along which it passes in case radiation 7 is irradiated by the spot I when t his 

1 allel [o then ?° T & ^ P ™ M X ° * ^ 5 "* th ^ are seen in the di ect on 

parallel to the optical axis of the lens system 109. Therefore, the average way met in case a liquid 

°! S J U h K°T Cted Paft ° f thC SpaCC 53 3l0ng Which * pas * es at ' east ^ ^se radiation 7 

is irradiated by the spot 1 1 and is ******** with a core. Therefore, the direction which the layer 5 
and the lens arrangement 9 in the field of a spot 1 1 move mutually may change substantially without 

hacking dipping with the perfect part of the space 53 along which it passes in case a spot 1 T Z 
intubated. Even if the direction of a motion of a layer 5 changes substantially, the trace of a liquid 95 
will cover a part for all of the space 53 along which it passes in case a spot 11 is irradiated The field 

fit:" 

[0032] 

According to this example, the part of the space 53 along which it passes in case a spot 1 1 is 
^TonV 'A** C ° re by relati ° n With 3 tap h0le 90 < md the ^ce 95 of the liquid 91 from a 
Z^, T SPa M 5 VT erSeS * C Part ° f the Space 53 alon § which it Passes in casA spot 1 1 7 
^IT i°T g ^ ^ P f °u f 3 SP0t U ' 3 kyer 5 md at least one lens svstem 9 are mutually 
mot on of ? f° n Sh0Wn by ? 6 atT ° W hCad 52 (an arr0W head 52 shows the direction of a * 

J* ?? m relatl °o n t0 th f knS SyStCm 9) ' 3,1(1 move t0 it' and in the part of a spot 1 1, a 
[0033] ^ ^ mUtUally ' m ° Ve tG an ° Pposite dkection - 

The more the direction of a motion of the lens system 9 parallel to a layer 5 and the layer 5 in the 
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field of a spot 1 1 changes a lot, without checking dipping of the part 194 of the space 153 along 
which it passes in case radiation passes, the more equipment is suitable with the application like the 
image process by which 2-dimensional image projection of the spot is carried out at a layer 5 with 
which a spot 1 1 needs to move the front face of a layer in the direction which changes broadly In 
such application, an image is projected by high resolution and that the comparatively big refractive 
index between the medium between a lens system and an exposure side and a lens system is 
j^vantageous brings about the further dependability minimized and/or improved. 

The example of such application is the optical projection lithography for processing of the wafer 
kicked to manufacture of a semiconductor device. The equipment and the approach for this object 
are illustrated by drawing 6 . The wafer stepper and the wafer scanner are commercially possible 
Therefore, although such an approach and equipment are not described in a detail, an understanding 
offered mS Pr ° P ° Sed Wlth thlS a PP lication in ^ situation of such optical image equipment is mainly 
[0035] 

The projection lithography equipment by drawing 6 contains the projector 13 which has the lens 
assembly 14 after the wafer support 12 and the wafer support 12. In drawing 6 , two or more fields 
16 are irradiated to the wafer support 12 by the box by the beam on a wafer 15 in a wafer 15 A beam 
projects the image or partial image of a mask or reticle in the scanner 18 connected to the projector 

13 in actuation. The support table is movable in X and the direction of Y along with the spindles 19 
and 20 driven by the spindle drives 21 and 22. The spindle drives 21 and 22 and a scanner 18 are 
connected to the control unit 23. " * 
[0036] 

Usually, one of two principles of operation is applied to optical lithography. In the so-called wafer 
stepper mode, a projector projects one perfect image of reticle of the field 16 in a wafer 15 When 
the required exposure time is reached, it is careless, and as for a light beam, the next field 16 of a 
wafer is moved by the spindle drives 21 and 22, as for a wafer 15 until it is in SUITCHIOFU or the 
needed location in front of the lens assembly 14. It may be based on the relative location of the 
exposed field and the next field exposed, and may be accompanied by relative quick motion of the 
lens assembly 14 which met in the direction which changes broadly on the surface of the wafer 
Typically the size of the exposure spot in the front face of the wafer with which the image of reticle 
js Projected is about 20x20mm, and can consider a small larger or spot. 

When to manufacture a bigger semi-conductor unit is desired, an image is projected with the mode 
usually mentioned as wafer scanner mode by the mode of others also advantageously In this mode 
it is projected as a spot of the shape of a slit which has die length with the part of the shape of a slit' 
of reticle larger what time (for example, 4 or more times) than the width efface in the field 16 in the 
front face of a wafer 15. The typical size of a spot is 30x5 (nm). The reticle 17 scanned is met and 
moved to a scan aperture, the wafer support 12 moves synchronous in relation to the lens assembly 

14 under control of the control unit 23 by the rate which suited, and the projection spot which is not 
the partial image section by which the reticle 17 projected on a wafer was scanned moves in relation 
to a wafer 15. Thus, the image of reticle 17 is transmitted to the field 16 of a wafer a continuous part 

opens so that a spot may advance in a wafer, the motion relevant to [ while the transit window part 
of re icle projects a wafer 15 top ] the lens assembly 14 of a wafer 15 - usually - comparatively -- 
slowly - each time - it performs in the same direction. After the perfect image of reticle 17 is 
projected cm a wafer 15, a wafer 15 is moved general quite promptly by relation with the lens 
assembly 14 in order to bring about the next field of the wafer 15 with which the next image of 
reticle 17 is projected in front of the lens assembly 14. This motion changes broadly and the 
direction which is based on the relative location of the exposed region 16 of a wafer 15 and the next 
field 1 6 of the wafer 1 5 exposed is performed. 

If the liquid volume in the space between the lens 14 which radiation passes after completion of a 
motion, and the front face of a wafer 15 is immediately filled with a liquid to enable it to resume the 
exposure to the front face of the wafer 15 after displacement of the wafer 15 relevant to a lens 14 
(that is, a lens or a lens, and a wafer are moved), the space concerned will be rationally immersed, 
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before radiation is resumed. 
[0038] 



In optical lithography, when radiation is the light which is the wavelength of 193nm, water may be 
[0039] 6Xamp However ' de Pending on the situation, other liquids may be more suitable. 

Since the boundary is again restricted by the crevice of the front face 63 of the lens 59 nearest to the 
spot 1 1 on the layer 5 which, as for a recess 92, the beam of radiation 7 turns to with reference to 
™" g 2 ™ d diawmU , the advantageous point of having a recess 92 is a thing of the whole part 
wth tl A 15 " 06 i ahn ?™ hich il P. asses in case Nation 7 passes a spot 1 1 comparatively combined 
with the How pattern of homogeneity. Especially, the pattern of the homogeneity of the fluidity 
inclination in space 53 is obtained. The flow pattern of homogeneity can acquire supply of the 
continuous homogeneity of**** and a fresh liquid, and the uniform and stabilized liquid 
temperature for things including change, and is comparatively advantageous. Such effectiveness is 
advantageous in order to avoid the optical countermeasures of the radiation beam 7. 

By drawin g 3 the circle of the dotted line shown with a sign 94 shows the circumference of the part 
rl^n I** 6 ,? 3 b6tWeen a lenS 59 mi the la y er 5 which the ra diation beam 7 passes. 
[004 ] In order to supply a liquid 91 to the space 53 between a lens 59 and a layer 5, the liquid 
supply pipe 67 is prolonged through housing 61, and is led to the tap hole 90. According to this 

S ? n't 1 * . PaSS ! 8 ! Str i lC J tUre a " ° Ver a fldd 54 ' md P assa § e structure distributes the liquid 
upp lied o the longitudinal direction along passage, opening of it is carried out toward the layer 5 

M t // " ^ h ,° le 1° diStribUted Hquid t0 3 la * er 5 > and ] 1» nation, "a liquid 

H t, H f ? f 7 g 1 SldC PaSSag£ StmCtUrC in acc °rdance with passage structure, and a 
liquid 91 is distributed towards a layer 5 from the passage structure 90. This is ****** also about the 

T Z £ PQ l \ T T ng °u the P3rt 94 ° f thC Sp3Ce 53 thr0U § h which the comparatively large liquid 
trace 95 and the radiation beam 7 will pass even if the direction of a motion of mutual of the Tens 

[0042] t0 of a layer 5 and a ,ayer 5 changes substantiall y' 

Passage 90 may have various configurations. With the operation gestalt shown in drawing 2 and 
drawing^ a tap hole 90 is located in the exterior of the radiation beam 7, and pass^90is formed 
as it has extended around the part 94 of the space 53 along which it passes in case radiation 7 ' 
hnl gf J SP Th T°? S JOmt 96 Sh ° WS the COre 0f a11 the c ross-section passage fields of a tap 
[0043] Seem§ m " ParallCl t0 * e ° PtiCal 3X15 ° f the l6nS SyS ^ em 9 

A liquid 91 is desirable and the parts of the passage structure 90 and the space 53 through which 
radiation passes are supplied by the pressure from which a liquid falls between sufficient 
environments to maintain immersing rationally. Thus, the amount of the water given to a field is 
maintained to the minimum. 
[0044] 

^,1e^l Whe y/i qUid 91 is distnbuted the tap hole 90 of a passage configuration, 

smallest thickness (at this example, it is the distance between a layer 5 and the field 54 of a wall 65) 
Sf/ES tv, ™i be J e " 8th f ned ' without causin 8 ™M risk of checking dipping of the part 94 of 
^ ture, 2i°^r m 5 Iff™ P^^^^refore, it is positioned in order thai the displacement 
structures 27 and 31 and the lens system 9 may maintain the smallest thickness of space 53 in 3 
thru/or the range of 500 micrometers desirably, when a liquid is distributed from the passage 

configuration tap hole 90, and it is ******** with a dimension 
[0045] 

Jwt^?^ 0 ^ ; 91 iS SUppHed is SUpplied SO ** k can guanmtee rationally that the 
ttZ ?° W Which bas an u esse " tial strai 8 ht - line rate profile and a homogeneous Couette flow 

nearest to the wall 65 top with which passage 90 was formed, and a layer 5. Consequently the liquid 
in space 53 uses the liquid force in the lens system 9 in which it does not change XSdty Such 
liquid force of changing causes change of the lens system 9 which is not desirable, and dntwi the 
focal error and location error of the radiation beam 7 on the light-sensitive layer 5 A flow 7s 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



4/18/2007 



•JP.2006-51 1021.A [DETAILED DESCRIPTION] 



Page 9 of 9 



desirable and the radiation beam 7 is not checked by it excluding air 
[0046] 5 ' 

The 2nd example of the lens system 109 of equipment as shown in drawin g 1 and 6 is shown in 
teing4 and 5. According to this example, the tap hole 190 of the lower stream of a river of the 
liquid supply passage 167 is formed with the passage structure which is carrying out opening 
towards the layer 5, but it has a rectangle configuration which is different when it sees to the shaft 
orientations of the lens system 109. Especially when there is a relative motion of the lens system 109 
and a layer 5 in the direction vertical to one of the sides of the rectangular passage structure 190 
while a rectangular configuration maintains the uniform liquid flow pattern of the partial 194 whole 
with which space 153 was crossed, it especially takes the rectangle part 194 of the space crossed by 
radiation beam to immerse rationally, and is intrinsically advantageous. 

The recess 192 has restricted the boundary by the front face of the lens 159 nearest to the path 195 
and spot 1 1 in the wall 165 vertical to the shaft of the lens system 9, and has restricted the boundary 
of the part 194 of the space 153 which passes also along the front face of the lens 159 nearest to a 
spot 1 1 in case radiation 107 passes a spot 11. Therefore, a lens 159 is effectively protected from 
damage by the contact which is not meant between the lens system 109 and the layer 5 on a substrate 

[Brief Description of the Drawings] 
[0048] 

[Drawing 1] It is the outline side elevation of the example of the equipment to which the exposure to 
the spot on a layer is led. * 

[Drawing 2} It is the outline sectional view of the end of the 1st example of the optical system of the 
equipment shown in drawing 1 of the layer of the liquid flow which an exposure is drawn and is 
maintained working. 

[Drawing 3] It is an outline bottom view in alignment with line III-III in drawing 2 
[DrawingJ] It is the outline sectional view of the end of the 3rd example of the optical system of the 
equipment shown in drawjngj. of the layer of the liquid flow which an exposure is drawn and is 
maintained working. 

[Drawing 5] It is an outline bottom view in alignment with line V-V in drawing 4 

[Drawing 6] It is outline top-face drawing of the wafer stepper / scanner for optical lithography. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0048] 

[DrawjngJJ It is the outline side elevation of the example of the equipment to which the exposure to 
the spot on a layer is led. 

{ Drawing 2] It is the outline sectional view of the end of the 1st example of the optical system of the 
equipment shown in drawingj. of the layer of the liquid flow which an exposure is drawn and is 
maintained working. 

[Drawing 3] It is an outline bottom view in alignment with line III-III in drawing 2 
[Drawin g4] It is the outline sectional view of the end of the 3rd example of the optical system of the 
equipment shown in drawing 1 of the layer of the liquid flow which an exposure is drawn and is 
maintained working. 

[Drawing 5] It is an outline bottom view in alignment with line V-V in drawing 4 

[Drawin g 6] It is outline top-face drawing of the wafer stepper / scanner for optical lithography. 
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JPO and INPIT are not responsible for any 
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I » it if * <o m m \ 
im #* i] 

'> t£ < it lowftfr^KioTttJtt^-^fcJfio*** He fift T 1 £ £ £ it 

«iE'>4< t fc i ^<D%^m+t lasts ««7fsitnn$ srsiss- l. t- mi ta 

co £ M # f,| $ ft , 

me a ±co flfriex n-mE»it)SS!!git$ii5igiwiiiii-5fl(ria^Mw^/i< 1 1- 
is] it tn p LTi»5««s-ea»t e>n. fflEsgggfi. snie seki= » 0 * k 

*^t«*Sr»eL.»B*nt«*SrittEJH:i6iitT»i!-*-5-t4tt»i-r5 
[»#*2] 

sue/i taiEa^isiciifc MieaKii. ftuiE&«# atria j, h tsj^i 

1 1**4 3] 

tt K5SIBI 4 WSli. 3 - 1 5 0 0, Jm |:*)ISii5:ttftait5ll*fl 

1 X 14 2 BE ft co * ft . 

[if *^5] 

A ffi & W ■** S Z t & ft m t 1- -5 If # if 4 Eft CD 2r i£ . 

[If #3*6] 

*fK!J -fc*fi. !WE*K*baEi»miH'>4<i:t-o«)3fe¥*^©itt|E*iBro|yU»«:fi' 

[»**7l 

o co 3fe ^ « ^ t . 

*KB8iI^SffiEa<Btftt6<>ft£$:3l3ie;:l-&&«S£. 

ifflfeiicoSfjfHx^j' fr E Sir W *5 rb it $ ix -5 ^ ^ ii in -r 5 W E ^ co '> < t fc - 
ffift £&*&-t 3 jfttH p x- , «HE8EfflDl±WEtt«tf-AotttSil/j:aDi;*3»ta^g|5 
co&J££ft/c|SrEiIi®fl$iWL, 

iE ' J ' 4 < it-o»iSffip#, *4<tt-o©ifc»^«f|E)lt|6 n j-cHPLTV^ 
ttAS-CHttfcft. flEgESli, ttE*BtfioT*¥*|6||:ft8SftiS:iS#i»E Li # 

[»#*S8] 

AtlEioXttliftroatHiPH:, ^giscotefffi^i^ii . ittrE8£#K'-AOTi|frEttt¥fTfc# 

if* *1- 5 «fc 5tttH<5it5,nrv^«Z <t*4**ii-5»*«7E«rog|l 0 
[if * ri 9] 

fltTESMoft t/hS4fS ft, 3 - 1 5 0 0 , mi:«»SftSJ: 5 . Sft E « it « it & 
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9 * * ifi . fltf fa -A # y I- i- # |fiii-5«BSf^» it b ft , 

ufFis-; ±^ wrtiii±. ffiEtttfjtME**? h*is»-*-5iica sac* t 

fc atl E &B # co if 4- PS 5 , 
[SS#iBii] 

[S»*JS I2] 

sfitey -t*n, mia^ * •> h:« t, a mute** < t hi ^cojt^m * <n buibs? soo w io 
» 4 £tr - i 4#tS i -r « m *rg i oxili iat©Si„ 

[ « w <D m m tt ?& n ] 

[ 000 l] 

**Wtt, W*^S l W^^i^^s ± J /£8tsa»-t-S*ffi&otB*g| 7 60 # * (z *> S J; 

5 * s k ffi at-t-sssiafcM-f.a., 

l*ttEI] 

[ 0002] 

r ©J: 5 fttSffftt. B»aHia«WO-A-02/i 3 i 9 4 l:i=v>Tft bnt 
f;«l:ffli^n5. : ffl ± 5 i v 7° n t ^ t- li , ft-f £ * - ,u k *: « it $ ix . ,u kx 

«tt Jf ± co -5& .« * * * ht 3* *>n m * 4 *> $ ft t %n $ * fc a r o< u > x -> * 

icoWro2Ml±. ft ft -? jft ft SHTV>5. 
[ 0003] 

B(5tS:tiSfS5„ SffiSEt^ J: 9 , u y X •> t. r A |J , r - 7" * co 0 £ <P -b C 
[ 0004] 

r co*« bft TV 5 yYte&t/^gcoPplgiil. l, ^x^S^ fc a» 9 Bai= n 

< t * ic tt» ;* * y H-*«'ft5Sklt*saiii-5^W««»»c,JR6 * , fig St $ ft 5 ^ t 
SwiiaiftSB^wSSg 14, 1S*TfS5*(c^iilc$ft S - j)K»f±. uvX&tfl 

ro»#«3*i6irofiS*afk»=J:oTfc^iit$ft»s 0 $ ft 3 -< « ® t m * <d ft 

ti£^3fc^«aiiwlWrogEaiS:*J!r(c/h$<-f5- i:< ;j :o - C[6] j. Lf§l5(> U3 j, Lfti0S c, 

[ 0005] 

Bfl • 0 - 2 5 5 3 1 gtascm^jftt^i. r»*&-ctt. JtStil ^ 7 

Lr^50teH«r + ^liEIfiL. ^X/^fA|±, B fctt 1= ft L £ [6] Kit « W(£ ii 
7^i:i<„ Mt-A, z<n*a t>ft fcS£gr-l4 u-tf t' - A|4 ifffl £ ft wsts*^ 

W ^ (pi ± L , gJtSJifcl^^S^ft, jtT->y -X|±3tmftS+C^fig$ft5 0 ft,- 50 
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, it to® t *, 5 - * i, m f±i ± c * /< y * u y ✓ $ n , satr = *: 

* « ft . ttft rtffi /ot^CJ:!). Jt ft #)» H ^ y T Ji, 1 t £ IC R It b ft 5 „ zo*? iz 
Bi& 4 ft fc = j, y * 1 is 3£jR bis 5 Ms d>ft , Kit £ ft $ ~s * ±* - /u k * Jgj* L . ± £ 
L fc J: 5 (w , ± * - /i^ k «t , Kj6*ft3**tt«* + yr±©^s©flf«**«>->i-x 
cJtci-s±# LfcgR5>co-> y 4 * 9* mm t*tait 6ft 5, - © ± 5 

cwit* ftfc >\, Ki±jjf arott«* + y r» sac: huh $ft§ - t (lit L-c^aas 

#< /Jrlflfc*-* K«s«?7 r Dtxi: J; r> ± * - ,u y iz £ r> f^ b ft 

5. :iif.«»t-*Kll. I45S?7otx, l±Jftffij#ffi57"n txi: J: 9 «Ff 

^gfcm^fcJPfi^ft !. KXI4±*-/u Kl:i o T ftlig a ft fc -/u k c J: 5 

. t' 5/ h8fto««*^t«ifccDXiiDVD«)J:9 4)tiii|S<ii:tSiirt4ll»«*t y 
Tw:»J;9&fii|*ffi|i£<af>ilttii3 . ii 0)J fit) f fc 5 . 
[ 0006] 

ISlt bft3„ flettin&fl-L-c{jtfc<*ftfc*i± % it^^ro^ili- j; 9 , ^stift irftttttS © 
*ffiro*>*jjr»=i£»u 2lBtt*-ei«fc if ft *„ gj; 9 fefesff** 

fiSfcft * 5 ffi 1 £ tf ft * © *K tt4 flJSO fe fc s, + . -t ig * . 

*«tt«±»tt»K'-A|;J:o-C*iaS4ifcX!K y h»t^ X»ftSK«'>*ft 

» ft w h it $ ft fc & v® w $ ft x v » ^ * * a? jt m tt 1 ± ( c ffj 5g $ ft . a it $ ft 5 ^ $ it 

[0007] 

I'V'XiiaWSiiiSSiro^ir v f *s it fle T'i» fc $ ft ft it X i> 5 ft <r> m li , 3t Si? y 

fc* y M±. W»Xr±«»WlBttfi:^rti-5. f?)J; 9 4 #ttft » ■ |i , SR£M& 
IRWO-99/49 5 0 4 KEt*Jltl'5. 

I 4* If X tt 1 1 l^lig|'iiiWO-A- 0 2 / 1 3 1 9 4 /< V 7 U y h 

[ ft If £ R2 ] #5Sf 1 0 - 2 5 53 1 

I 4# fF X ffi 3 ] 9/4 9 5 0 4 /(y7l/y h 

[ « 9! M ^ ] 

[ 0008] 

l;? ttfc ffi i (D ffl^-^fc SMiro FAX lifg iz fc^ ST- lifc < . &m&]\z + ftxttte 

fc»#l-J:oT?ltfiz$ft5i«ft7-</uArotti|8{-*j ( t6«fttt. uvXyxfACS 
I? $ ft s * co s ft & t fc -t . uyx^fiii, Mis $ ft fc fflft K J: 9 » it e, ft 5 » r- 

mm\z&&£ ft^ is^ooiftscoia^t fc jei^is, ttst^aiai-a^ragB^ 

(c« It5 i-5 i 9 iz . *tttt**««#a<«fc3ftfcltfttf4fo4l*. ^ 

sfc*ic. E55fc^ist *i-sait ?> ftr ^fc itftiifc b fc^„ 

[0009] 

#*?jn±, fiBSt^ftsiicabifi^jt^ft^jfitajjt^aai-s^roitw^iigss^* 
. * t fc©ii60)t*^^ AvmnxvLom&ikvi]fi\zia^x. m wx- &m &\z m fc l m. 

It5 ri 5:B«itt5 0 
[0010] 
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[i$l§&ftf£-f5;trtco ® I 
[ 001 1] 

**Wi::.fcfttf. :Jitfl Iftii. l Hs ftf* -fa - iCiotMJJii 

**WI= intf . M#*7 <DSHii. m*«i © * 3r H fr 1" 5 fc ft ir g f* £ h 

[0012] 

* & s tut m& z m%\z ?a otgf*^ n #e l . »e*iit«ft*iicieid»oT»E 
m<o oi $ (d-jj [6] & o^ii jt ,t 3 $ fk -ess/- -f - «- 

[0013] 

* * w » * w «« i « «> e ia 4» * isi a oc« ac ft it « « 

y r Xl±*-yu K©«itctf¥iJ4£it-<?4< . * a ± a #f L t> * # 

l:«oT^^/H:fioT^tvt«:ii:i,TXBt7t5J:5i: LTtl^fc 
[0014] 
[0015] 

* 36 BJ1 go t¥ IB £ ^ « 13 , feral ft. ft»&tf»*tt*«8IJro3*L^#ffln£fcttatf» 
[0016] 

C DXI4D VDCO J: 5 4 *T1B4*** + y r ©«iSC*j i^r tt . 2 35 co ? 

*,w 1 o-c»^3t«f4a 5 £31^9* (Hi #33) coy^V ^«fflIK3 «, BBS ft 
Kt ft f - h. 7 , pij x (i , iSIiift 2 6 0 n ra(OD UV l^-ft" - iotf,W$ii5 

0 3tatt®5 #«W (z J; 5liOfl 2 5 *s ffl ^ ^ ft , 1 
71 H 3 3r # as. L T ift £ ft -5 0 *»e-A7l±. U- > X ff? * © « » © ft * * * £ Hr * . * 

1 1= 1 £ £ *> T e> ft -5 = ^X/Xri>9li, u > X * ,u 5 7 * 1= B S $ ft fc # tt u y 
X5 5 &#rtr 0 ^Xy^i9lill:, lUii^XSBtt*. ISuyX59 
tt, iff>fl;S5©ft{ 1 j(f<i:Ji,5i/yx->77A90jt¥*froiotfc5. £P B 1 5 3 

«£J5£ftTV>S. 3t^*^-liSfc, ^XK^CT-ffi, fiilf, 7^^, •> - 

[0017] 

H 5S'^yX9 ttElM=*ffiSii, 3fcStt«5 ftfc&ft IT- A 7 14* 

-ci 5 ©Raws ftfc»#a»e)i*ftfc ■> y -x*i9t l , mtostntuamnia son 

#&fift Lfcu. S»^f;*ift|5li. HH ft $ ft fc * 1 3 * * ft L . Sfi3K*itt 
5f.«^tP4^ff l 5 Sr«i-a§6»t io-cSft $ft s B m ft £ ft fc SB £ Sr a L . 

»«el»*l^o*a«)'/ y - xcaai- § tr y hxij^yrc/ y -x^s^« 
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ir^l-J; 9 jt*tt*U» = ^*8v?«BiHi5„ Aftftc:i±£«3 ft* & « * ftfrtiz^ y 

*fBtt« 5 emails e * Ko/<jr- v(1> Hasjia«**r y r + ic 

B& Ztlt'< ?-*<D*#?- 4 zf-C /<*-vfc«L. EP *, . ± Kl± ± Jf. $ 

* y r±o3fa» hf v v tt©tSffiiif*co •> y -xkshsts, 5 K 

l:8Ltlv5 « L /JJ L * * s & « - « W I- 14 . i*-/UK«*«tt±*-/uK«>ftfr9KJt 
[0018] 

* Stt « 5 * *i- 5 36 « 3 ^ . x - y /u 2 7atfitg3tJtLTliCitfTl«5B(E 

M^^3 1i:j;oTIfeJli5., »i2 5iill: l ft*t»K3 3 fctfU »lt*iH3 3 

6VM4, ttW *»b#6nTfcJ:^. S 5 d^ft S&StroSd Wtt . #< roft* 

■<?#5i tiS-C#. fflitf, tt»«*3 3 frWlp-ra - it J: 5 , Stf/X fi&W»ff 3 
3 t 1 5 © HQ ( H * L 4 ^ J •>+ y*-Xtta»y-f/<-*i(tijiipt 5 - il:J ;3fl 5 

[0019] 

Sffi«3ft39KJ:«?|lltett2 9**i/K»atlfci:: ( 0 «f r l± . X # K ¥ fr K ) X ffi ? * 
5 ' : »BttOtft. KlO gftffi ig 3 9 (4 , X^lrffiCltft^il^^y 
3 7 & . 7U-A3 5K*tL,B£$ft**hU-h#,r K4 3l:» L«ffi?Jffi4)|I 20t 
% * - * 4 1 £ £ tf „ 
[ 0020] 

UyXy^fA9C0 3ti4 9*#-f5»t*5lt5«4 5 £ 1 © 37I:BSL 
ri»5. SJtfMr fcV>-CI4 , tt»**33fc±oT«£4tffeftfctt«-l-'-A7llX*|*|| : : 
¥ffl=iit/-C^5&We-^»4 7 Srfci55 . felt t'- A 7 li ^ X/ x f a 9 o )ti <i 
9t¥fT4*fil:i|PlJtP,nii„ ^XyXrA9|i, |jj!7^ f » i-J 5 i Ci J 
, 3t*»49«*|6ilcSlWh7'<73toStfctt«,g^|EBtg; ffi$n> St It f - A 7 li ft 
tttl5Kft£t*T6h5. SS5 4tt57-^2 7IJ@(Ett2 9tf.tl: $ l 

liatittsftfi^- kt-xm t¥ffc«tts n. reacts, htst 

hi l^it«i4S5 fcSxfcflitett ^y^fcH, roflRfctt V? V 9\Z% 

0 T B T 5 $ *l fc» tfffittt S ^ T l> f» L T l» *. 
[ 0021] 

£E 2 5l4ifc«WKv^*«*flfSr#i-6±*-;uKfl!>«3fiCjiL-C*!0. SI2 5CJ; 

-7 h 1 1 At < iStohT, a»TfiE<etff«**!S5i9api-5 0 42^ df s, V 

1 1 ©*££I4, aWe-ATnSWOiuyXy^fAgoHnftCioTSftbil. 

7tfiEtj<TH5ft*£S 5 i wMwffiMffl» 5 3l±tt#-e, *** We 14* 3 *l fc 

«B # IS # $ ft 3 ,, #M^tt. *ttttJfl SftSDU Vftjttr-A 7 fcSSL 3t«ttS5 
Srft »fc 46, # 1:1 LT 
[0022] 

HlC**nSJ:5l:. *«fl||2 Sttlt, ^*7y^B 79 i*KR(tbft5 
£7 7^r^£f 0 f'^ry/P 7911, §12 5«|2» h 7 ^78 1 |; @ 
TEL, 12^7^78 l«**25©*2(Z)«ffi«a83CJ:o-CStett29Sr«f^|= 
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i». ^201-^781 «!£«5c«:S2«i+5fcai::. £2 «gSM££l 8 3 Ii | 2 «^7'< 
98 IS:, 7^A35l;^ tt ^ ft | 2wh ^^ fom:g(5tl ,^ hu _ 

[0023] 

ftflifcan-C, e,n,yp7 9li*3«>*-*8 5l:i,TMH5. 13^ 
^ 8 5 tt SO $ it . b>^>XrA9Ri;f,?7^n7 9|±I,tS!,|;| S 3ro@g 
tt2 9A i ^fWi:*Lv-!E«Rfflt-5i:fiBLti«5, c ft c J: 9 tr * * r y 7 a 
7 9 l± , 1 5 © ffi ft $ ft t « » *s ii j§ 1- 5 u ^ X •> x x A 9 * 6 T 1= IS] o ft g C ft ft 
3ft, ^x^xxi.groffiHi-fc^Tafc^afcfc^ @ fel 5ia ot «E <*: *s 51 

i 9 l±3fe«tt« 5 ji> 6 . U^X->X^A 9 4>t,Tl:W4»oT» D»i»>h«07 g£ (c 

ffiffl *nt*ai3Siai 5 3 -<o g 9 ?§ ol * z z t i± is ft h k * *j t * 0 5 3 ^ 

<^iE»i 1 ElroiR«cS|ft^P&S$ft« 0 lifefcfcHT. f ^7^o7 9ttg|;uy^ 
'^ Ti 9* SHE* 2 9 *»e,«jlfce«Rl;:a£LTE(E* 2 9 *i6SiRot ; «Kfc 
9 , f^r^pygffl^a-^Sii, gElz|£ffl £ftfcitftt ® < tft 

W /> £ i> r t f it & s i 3 ft -5 . 

[O024J 

SSi^X^f^iwPHoSHsstSt, i5l:|fej£^>X5 9B SS 3 
I=»I*IL**3 tft biS^**«if6 3 5. ^X55SV59liA^yy^6 1 

+ fc*lt*i, (»EMs;^6 111. ■SKJ i fAL 1 |5l:tti!Et«^X59«)*Ui: 
a«4«flfc±«iiil=*KWi;jitfTV»5^a«6 5 lSCttifiv»^X'/Xf 
a «> aBu: * n t . ft St 7 «<*«>n« x* „ h 1 1 izttfo-fz y -trx 9 2 #111*6*1,-0*6 

. S SCItiSKU >X 5 9 60B5 6 3 14, ytx 9 2^S4Wt5. :» E 63tt* 

*W7*i^ ? M l*»9ti-5fc*tiiig-r5Sia53©«»S5*S.Ko-Cl»S. 
#I*J Iz <fc ft ii , S5i:*(,ii«^X5 9 ooffi 6 3 lita if-p*, 9 , y -t x 9 2 wiftis* ii 
5^ + 1;:*,$. fat, :oiil¥t?t, fliffcotUi', 

[ 0025] 

»f^K43^T, «c»7 #1 5»^# y n 1 srjHWi-aBRcaiii-asanii 5 3 »Mtt 

f«* 9 1 T-»fc$ftr^5. V irx 9 2 T-li, «*# 9 1 HSU 53^616^5:4*5, 
&IS£ft5„ i£ft9 1 lift WAS xtf y h ! 1 KiSj^oTaa-f 5^ |B5 3 6 It ft 

T^3: tl:fflSill»^4i^t, K»^iIiiL7kT-££ ( -K7t ^Tvw^^s 3 
w»4>»=«to-C5l#fir:*ftsBBaWrt-6ftfc*©«*is^ a 55 64 , ±tt!&$n5 

[0026] 

Mi:ii, u vx 5 5&r>- 5 gcoTtWir^tf fc^rfefrfc 6ftfc£P^ 5 3 o,hSftt^xt 
tt8fl<)*Mt5:^iTftncx-fc5„ 151* rftli, i5l;|{,i^vX5 
9-roffl*WffiKttS:tt/>L, ^X 0 «*|;£, nSF?BWH5|:8)St5 u>x 

[0027] 

y 9 2 liWitf, l£Sffl*6ftT J: < . tt»«»/srj**sy -t^tail-*-* J: L 

> !> *x 9 2 t>K X#y b 1 1 *ftW-f 5ftW7(DJ19 l=Btf-CHfi, J15 l=* iffiv* !> 

!lt^92l:*iit5SM53«)8»4i. tt*t » ± » ffi »= if T l » S . 
[ 0028] 

*5fc§£65,fi|]*,. S5 »=#t jfi^ UVX-ftaflwa^. OTftig^Uffl WSgPIli 2 
omSiiaotftt^^ -oil, 3t*ES;}S. I«3HyX558ff59SW^ 
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ii i® + S SS I' i§5fg m 5 3 w A ft flt tttStftl: «» 4 0 * # 4 8£ yjfc ft & S 

*t«;ii:i5A.5,f*5, $ra53©tt^Sft|joi*u^i«, m ft Ai i CO 
®& , 3 - 1 5 0 0 /imT'J) 0, i9aSL<li3-5O0*m-e*5. tt * J: 0 fe 

fflpro^tetat. aiw«>*b'J^i5eWi©aiLi»ttHio±«i = »*«r4*, ^p B iw* 

b'J^4IJIiiU<ll(100 + l/20'W) »« m J: 9 fc 'h i < . - will 
5 £ ¥*t 4 S l: a in t 1+ U $ ft ttj p ay ± fit '*> -5 . 

[ 0029] 

h «fc < . f?J X. Ii\ 1 5 /( m . 3 0 /t m , 1 0 0 /i ra i T U l\ 

[0030] 

; i ftW7tf^,F i i Sraifli-S (r ii * £ NJ 5 3 

wS»©3Ettttffl? : ^a«,c < t fi?i -^ < . ftfcStfflttSS L < tt S 6 5 fc 1 5 fc 09 HQ 09 K 

&at/4s*# s, k 1 1 i=iHAt$4isR((waa$m sans^inisro 

hi lrofiicfcitsiscoijBjiSiiiis^roj^io) ffiH5 3©«#fcatrJ:5K 
*l#£ft<5,, c w J; 5 lw , IKft±a«>S^4-r-i?>is»(ftsn, mw K ± ft \z il t> 

[0031] 

i£ ft 9 HiIit5>yX->^f A9|;}3iJ5t tTiroiSffl p 90|±i 1 5 t W-'fs 4 
iBtl3ltS±»«>»»*Jxfcl»iitl««r*L. i/^X'/^M 0 9©** iipfraam 
ICflfct ftft 7*S*# y h 1 1 KHHt3n5R| :aaffl ||0 5 3 09 ft £ O * ft C >P & 

** t5 « Sot ' «**«ai-6 BKiB5 JF«tt4Btt, '> 4 < i fc . ft* 7 a» * # y 
hi lKHaW*ft3l»fc:a5£M53©«#iHSLT*i>m*e>ft3. | cti * # y 
hi io>«C6iT5t54 u^XllgtfS^tiKjftu, x# ? n 1 # fiB W 3 ft 
*WKa*aM53ro«»«>sfe^4«gas|ias$ixi'ir, H H #j l; ^ U# s „ 
15 rott£o*ffl#$irtti::£fl: l fc £ u t> . i£ ft 9 5co«it, * # v h°i i"iiB» 

£ ft 5 IS K ii 5 £ H3 5 3 © £ g|5# £ * /< - 1" 5 „ f - A 7 co ffl 9 © % ffi P 9 oof«[it 

-A©jS<tRltbH, i5iS#^|:intLS 9 C i # Sfl K $ ft 4 „ 
[ 0032] 

* 01 k «t ft ii , * n< v v 1 1 # bs # $ ft 5 £ ic a 5 £ n 5 3 n ti ft 14 oft tti n 9 0 t © &g 

Iff.tCfiILtfct) , St UP 9 0*»e>£H5 3 -»fS*9 1 ttftftg 5 

f h 1 1 *s IS St ft 5 IS ii 5 3 <D A # ft ffi 5 . ^ # „ h x x roA#K:fcl>T 

■ S»tf'>4<l:fe A9HSS52 (£^5 2 14, u > X ■> 7 7 a 9 

y h 1 lBS»C*l»Tl5 8tfl,yX'/xfA9liIi«|:B»LTSj!fifl|:B<, 
[ 0033] 

ttW^aiii-rsKciisswi 5 3 o n # 1 9 4 w is a as pi * $ n -r ic . 1 5 & o* * a? 

» h 1 1 <o ® « ^ *j it 5 ® 5 i ¥ ft 4 u v x •> x x a 9 roftsro^rfii^^t < £ fli "t ft if 

-r 5 is i* , KHii. x^yhisgstiikjtuiaBijisBi^Btxohs, < 

aHfc-f3:fr|6]Kl«aiS£*#s, h 1 1 «i»<itf#ft57^ll«---> 3 y|:J;DiLT 

3E 4 5 ft /hft & C5/ X tt 3 A 5 ft it ft M ft S: b It h i". 
[ 0034] 

C J; 9 4 ry D T - -> 3 vo«'tt. ¥ « ff^B M it C It 5 ^ ^ co M S » 7t ft (D 3t 

x y ;<& w>= + +i±^fift ic^&Tfc 5„ lot, :oi5ftmyiii 
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[ 003 5] 

11 6 c j; s sie y y ^77^Hi, *i/^-h 2 s^i^<!-h 2 co ± 

1^**4* 1 4 &ft1-Z&&m 1 3 Sr^tf. U attiKT, H 214 

1 5 ^^(-- ~ i 5 ©±i:*ii>-caftojm i e^f-AcioTSBUji!^ 
tr-Aii, i 3 i:l^l;fMJnfc^ tt i 8 l;te^ 7 x^iiuf^ , 

Wft x |± as tfjif 5 ., t*-hf-y/HJ, ^>KAK?^2U(jt2 

2l:J:oTIftJii57eyK/H9fttJ'2 0i:fiotXStJtY*|til:»ii i riETfc5 

[ 0036] 

m « i± , n ft: co 2 o co ft g « 5 *> <n i o jjs * y y ^ 7 7 i- itffl $ h 5 . mmt^^x 

PS»Srfi;Bi-5„ & £ 4 g Ob IMK g L fc i # li . * r - A (i * -< * y X , 4 l3f ^ ^ 5 
4 7x M 5li^^>F7^2 1M22l;j ; !) > 1 6 # 

Sanctis Ratt hwf .^ X| ^ « fii: ii & 2 0 x 2 0raniH9 

[0037] 

± 0 , a*tt**.^ - KfcL-C*ft3ii«*-KC.J:9. PS » t ft* 5 - 

©*-K-e», wr * * /u© x y „ 5«)Sli:*jin*«i6i: 
felt 31 i (« Ali, 4«£l_b) ^^JHtS^.Ht^^pL 

TttUSftS. h coASW-y-^Xlifjij^ff 3 Ox 5 (nm) T' fe 5 . u 

l x . a#sjxfcaaEtJ:«iww3. = y h 2 3»a«»T. n « m 1= n » ^iacsi 

5*15 wx-f */n Vco^^^nfcgB^WOftgB-c-ii^i^^^^^ h # * ^ ,s j 5 t H 



SLTI4< 0 i^fO/H 7©Pf«ttt*# '7 h # 9 * ta^XMft + -5 «t 

5t=, TBK j J: 5 t. ^«o**i6i:fiS$h5. Wx^ * 

, iitttt*ftwn>o<gi, ^OM7flS44i» 
i ! i> l 5 $ h tz \k i- > ^xaiai 4roft-uf 7 to * co @? ft as & 

T-8Wl:tt*ft!)fflai:»liSft5 1 - co «, * ii , * i 5 © i 6 «> fgaf W 

u v X i 4 £ B8ig-f ^ * ^ i 5 co g&g * ^ ! 5w£ffi^wBgjt*:SI»-c£*«fc5r 

5^M4t?x;M 5J )«jii CHB$ ||| 1 | lcS g aj j Sa:S#7jBtJft5i 
[ 0038] 

Tfc y ^7 7^-li, Mitf, ftjtdSftfi 1 9 3 nm©*©»#|: ( 7k£ffll>T b i p 
[0039] 

H2atfH3Srfflt#J»1-5c, Jtx 9 2ll, ttW 7 © tr- A *s ift, 5 * 5 ±« ^ 
* ' f H li:itfii>uyX5 9ojtS6 soiaiitioTSItlli&jiT^SOT? y -fr 
*9 2^t5rt^W/^,ll 1 M7#7^ h 1 1 Sraai-SBRtfflSffiiHli 3 co 
SB^9 4C0^»C0JtKW^-cD7n~,< ? _v^^^nS-tT"*5 o # $ R 5 3 
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fc*s fto n»ans. wJ*j-co ><9- y/^6JU, ttftttSj-ro? n-,<^^vji, 
Sr£*C t »riMi:»*fcwfS4SSfa*:^ L fc « ft « » e> 

ft. f?K-i,5, :ii6tf)a*uajtir-i, 7 ^ft «;i ^@it o fc w^l -e h -5 

i 0040] 

co co Pfl 5 3 co ffU # co 131 m & ^ L X l> 5 „ 
[ 0041] 

1 £ ^X5 9 tS 5 &amogm5 3 fc»C fiftilSf 6 7I±vn 

*->">^6 1 SriiC TgtfTJS!) . cTcftiP9 Ol:?Ht^ q * fi*j Ic £ ft fl ^ ft p g 
OiigjS 4 * KSfcSWJB&tf L, SE K« i&li « 5 K [6] ;»> o T Bfl n Ltfc 9, wftSSiC^oT 
ft ¥ * A K ft & SiifcttfcfctfBi,. »iiSiitj!fl:485l:i4iitT»Et5, i* f£ !c *s 
l^Tfi, **9 ltt««Hl»iSC»o-C*^ti«K#|iin= j;oT»ESil. tt»9 1 |±, -Sit 
K«iS9 0*»6«5»;iSiltr»ESii5 o mil. fci i« 5 coffi t uvx ->x x 

*9XtfS5roffi£©ift *cd Sfi#3ifC flit SfcLTt. tfcttWJE^fffftaftg 5 R ft 

at tr - a 7«!iai@i-5sra5 3 oo as # 9 4 © %±tt mm 1 i» 9 & % & t, t & -f 

[0042] 

•«E8S9 Oil. ft* 4»***L»6. B2SO>H3l:iRLt«»ttT». % % 9 0 |± 

Mn9 o*sftWfcf-i 7o*»i:fi|L. »»7i;^, h i i *«Wi-5i8tiB 5S 
MS 3a>Uft9 inm* -emux^Zl: UzBtfiZtixm. 9 6 11. u^x->^x 
^9«o*tti¥ff<«*i6ii;afci:*ro. i£aP9oro^aroi»iBiiiSti*©«i>.csr^LT 

[ 0043] 

i«#9 i i $ l < ii , g o t. tkttffiaa-tz&ws sototoffi&mtoizm 

5l=iBI=4*.?>ii5*«)J|H:*/M8taft$4iXV^5. 
[0044] 

Si; II. iSf*9 1 a««K^«watffiP 9 0 ^^Lt^ffiJJxSS^I:, £|fl] l 5 3 CO ft 
*" J, * l, * s W<Mi, 1 5 t MSB 6 5 coffis 4 t roWroffiRt) fl , ft«^ait5 

aiB«)»»94<0*a«r|fi*-i-5^S<tffi:lltt>*isz*-fl=. ft < Lit if, ffio t 
, « ffi® T&ttSfc ttl P 9 0 A> & £ E $ Jx § % 8ftii|2 7&t/3 1fiCJtly^ ■> 

^fA9|liSL<li5RS5 3ffl|t*J/i J¥$Sr375M5 0 0 „ m CO SE H Si * 5 f- 

» i= tt ■ -3 & n . Ttmttft btiz . 

[0045] 

4*3:* hOff*l.**-4-SffCit;h.*S£M5 3 rt T- *s * 5 r t 4 £ m ft \z ft E T< * 5 J; 3 
K 5. 'CO J; 5 4 7 n-|4, SK9 O^glt^fclSSlfciOtiSCttifi 

1^>XS9»«6 3±ro*K«|4-SSS:i*.*5. ^co&H, $H 5 3 i:«lt«ft* 

SffiftTJli. u>X.>^^A9©aSL<4^a5ftSr§|#iB-L > # « <4 1 5 ± co ft «• t" 
-A 7co£,£^7-&tfftg^7-Srg <. Tn-iiiHdt SSi^Sf. thi: 
ioTftMfc*-A 7 il PI $ £ ti * ^ 0 
[ 0046] 

m 4 X V 5 (3 (1 . BlSVBtiSlifcnftSln^X^fAlO 9 CO ft 2 co m 
#*SJlTH«. C CHKJtJlB, ttftft&oEg 1 6 7 WTaoSfcaa 1 9 0^151;^] 
ttTBSDLTV^BtS*jgt*lcKltf>nTV^^, ^XnfM 0 9 cof||^fi(r jL 
fct *t*4*J6»»ttSr*1-« 0 * ft ttfc IS u v X> i o 9 

fttf«5»ti*f«)ft«i#as, £«<DftBflt» l 9 o cofflijco l kmw.te*falz&z,m-&tt 

, 2H1 5 3 CO«^ bnfcSS^ 1 9 4 ^^COi^-^iS^yn - A - > Zmft-fZ - fiX 

, * # ir - a £ o r tK Bl & ft fc ffi M © » £ l 9U^i«l:Sat5i:ioTir 
W f i] -e * 5 , 
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[0047] 

!» -fc* 1 9 2 tt, ^Xj^^AgcDfcifijBfcSeBl 6 5 "*> w » » 1 9 SSff^y 

*»194«»tRotl'5.«ot. ^Xl59li, U > X -> x =f U 1 0 9 t £ ffi 3 

[ El ffi w ffif ^ ft tt W ] 
[0048] 

[01] Si*)*** H-»flB*r*»<KB»«»«'»«iBEg-cfc5 0 

[ El 2 ] HP. It as $ . BfffKJtff^sK^yB-roio, m i c jj% £ n fc g B ro ^ 

IH3]H2Ui8tt«|»rn-TirKjBot**BiBHt?*)i. 

[El 5] El 4 t*sJt5*v-vic?Bofc«ttfiiSHT'fe5 0 

I El 6] y^7vOfcftfl^^ ? ,x/x^t0aiHif«, 



[Ell] 
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